


Se WAn 12°55 


Th 
Authority 


OF MICHIGAN 
+12 Vol. XXXV\ FEBRUARY 



























ies 


Ce et 


mL 
> ashe 










The new berths at North and South Queensferry 
for the ferry across the Firth of Forth have been 
constructed of Larssen steel sheet piling and 
Larssen box piles. A No. 7 McKiernan-Terry 
hammer was used for driving the piling. 
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According to legend, it was the 
Chinese Prince Huang-Ti who, in the year 
2637 B.C. first used a form of compass. 
Certainly compasses had been developed 
to ausable form by the 13th century, at 
which period they were quite common. 

Very little material advance in design 
seems to have been made subsequently, as 
the dry-card compass was in vogue for 
several centuries until the last war ; which 
ushered in the spirit-type compass, now 
regarded as the ultimate in efficiency and 
reliability. 





PRIESTMAN 





In three-quarters of a _ century, every important port in the 
Priestmans have brought the design world, Priestman Dredgers may 
and construction of Grab-Dredgers be seen faithfully, steadily and 
to the pitch of perfection which reliably carrying out the job of 
it has taken the compass hundreds keeping navigational channels 
of years to achieve. In practically clear. 


PRIESTMAN BROTHERS LIMITED - HOLDERNESS ENGINEERING WORKS - HULL - ENGLAND 
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Editorial Comments 


The Port of Kitimat. 

Kitimat, the centre of a vast Canadian project, known to the out- 
side industrial and metallurgical world as “ Alcan,” is situated four 
hundred miles north of Vancouver and one hundred miles from the 
Alaska boundary. Here over $275,000,000 has been invested in the 
construction of dams, powerhouses and the provision of the many 
types of equipment needed for running an aluminium smelter. Over 
an area covering 160 miles in width and 60 miles in depth, the 
water power development scheme will eventually have a hydro- 
electric capacity exceeding 200,000 h.p., with a resultant pro- 
duction capacity of 550,000 tons of aluminium per year. _ 

The port of Kitimat, expressly built to handle the many imports 
required for the smelting of aluminium, and to export the finished 
product, is ice-free 12 months of the year. The channel to the open 
sea is about 100 miles long and 550-ft. wide at quayside, and 
ships can turn round without the assistance of tugs. The main 
wharf is to be equipped mechanically to handle the deepsea vessels 
carrying the raw materials. The problem of handling bulk ship- 
ments of alumina, needed in the aluminium reduction process, has 
been solved by specially designed unloading towers, and a covered 
belt conveyor to carry the material from the storage shed to the 
smelter. Work has also begun on the construction of a railway 
terminal to link the new port with the town of Terrace 40 miles 
away. Meanwhile, the industry is dependent on sea and air 
transport. 

A description of the port, giving full details of its construction, 
and a brief historical background showing why this particular site 
was chosen, forms the leading article for this issue. 


Commodity Infestation in Ports. 

One of the consequences of improved cargo handling methods, 
accelerated turn-round of ships, and the general increase in effi- 
ciency towards which all those connected with maritime transport 
are striving, is that any form of loss which is uncontrolled tends to 
become more prominent in relation to other working costs. Such 
may be said to be the case with the losses in commodity cargoes 
which are due to infestation by rats and mice, insects, spiders, etc. 
lt was estimated during the war that the total losses from these 
causes amounted to not less than ten per cent. of world production. 
In other words ten per cent of all the effort put into loading, trans- 
porting, unloading and storing of commodities is wasted, and while 
it is not perhaps the concern of the shipper or stevedore, a similar 
percentage of effort on the production of the commodity is also 
lost to the human race. 

Vhile it may be said at once that there is no simple and quick 
remedy for this situation, the bare facts of the case must call for 
t'© serious attention of all concerned in commodity handling, par- 
ularly in view of the oft-repeated fact that there is a world 
‘ ortage of feeding stuffs which, with a growing world population, 
' ‘ikely to increase. 

| order to ventilate this problem and to point the way towards 
' proved preventive and remedial measures in ports and ware- 

ses, we have arranged to print a series of six or seven articles 

the problems of port infestation which have been specially 


written for this journal by a leading authority in this subject, Mr. 
W. McAuley Gracie 

The first article, which appears in this issue, deals with the 
economic significance of infestation as a global problem. The 
second article will deal with the legal aspects of infestation, and 
of the liabilities of the various parties involved in the handling and 
storage of commodities. Subsequent articles will be concerned 
with a brief outline of the principal pests, of their life history and 
of the damage they do. The series will continue with a descrip- 
tion of the principles of “ good warehousekeeping,” and of preven- 
tive hygiene as applied to two categories of cargo, one the quick 
moving cargo and the other the type of cargo for which long 
storage accommodation has to be provided. 

The final article will present an outline of present-day remedial 
measures to combat infestation. Readers must not here expect to 
receive a list of stock remedies for different kinds of infestation; 
the complex life history and, in some instances, the interaction of 
the pests calls for remedies which, for their application, require a 
profound knowledge of the subject. However, enough will be 
said to indicate the lines along which remedies may be sought. It 
is to be hoped that this series of articles will stimulate interest in 
the subject and will be helpful in assisting port authorities and 
warehousemen to tackle a source of wastage which the world can 
ill afford. 

The commencement of this series of articles coincides with the 
opening by the Minister of Agriculture and Fisheries and of Food, 
the Rt. Hon. D. Heathcoat Amory, M.P., of an exhibition called 
“You versus Pests,” which has been set up at the Royal Sanitary 
Institute, London, $.W.1, and which remains open to the public 
until the 12th of March. Many of the exhibits are closely con- 
nected with the problems of port infestation, and there are also 
on view models and special equipment for pest prevention and 
control. ; 


The Suez Canal Accident. 

There is a saying that a chain is as strong as its weakest link. 
This is certainly true of the Suez Canal, in which for over twelve 
years the weakest link has been the hazard to shipping created by 
the existence of the El Ferdan Railway Swing Bridge. The inci- 
dence of minor accidents at the rate of one a month made it evi- 
dent that it was only a matter of time before a serious smash 
occurred at this bottleneck which would have financial reper- 
cussions spreading far beyond the scene of the disaster 

The collision of the tanker “ World Peace” with the bridge on 
December 31st last, may, in spite of the damage to the ship ard 
to the bridge, turn out to be a blessing in disguise. It has under- 
lined in no uncertain manner the weighty expression of opinion of 
the Commission Consultative Internationale des Travaux, which 
placed on record, in connection with another temporary bridge. 
built during and removed after the First World War, the follow- 
ing resolution: “La création, pour assurer la traversée du Canal, 
de tout pont mobile ou fixe, quel qu’en soit le type, est condamnée 
d’une facon formelle, absolue.” 

It is satisfactory to be able to record that yet another railway 
bridge has been built to a specification with which the Canal Com- 
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pany are reasonably satisfied, which will take over the traffic 
formerly crossing by the El Ferdan Bridge. ‘The new bridge gives 
a clearance of 327-ft., as against 219-ft. for the El Ferdan Bridge, 
while the depth at the piers is theoretically no more than 13-ft., 
which provides a protection for the piers against being struck by 
a deep draught ship. 

It is to be hoped that the responsible authorities will not delay 
in removing from El Ferdan the residue of the bridge so extensively 
damaged by the “ World Peace.” 

The circumstances of the accident and the remedial measures 
so speedily undertaken by the Suez Canal Company are briefly 
reported in this issue. The fact that the Canal was reopened to 
traffic in four days reflects great credit on the organisation. 


Shore Based Radar. 


As the use of shipborne radar becomes more and more wide- 
spread throughout the oceans of the world, it is fitting to ask with 
what safety and facility vessels are able to enter and leave their 
terminal ports in conditions of bad visibility. The type of radar 
which is providing useful service at sea to-day is often able to 
assist a vessel into the simpler harbours, but it is debatable whether 
it is adequate for the actual docking of large vessels in major 
ports in conditions of high traffic density. Progress is being 
made in the development of shipborne docking radar, but the ques- 
tion may well be asked whether it is economically sounder to put 
more complicated radar on the ships or to provide such facilities 
on shore. However complete the shipborne radar may be, in bad 
visibility it cannot provide the Harbour Authority with the in- 
formation which shore radar can give. 

As early as 1947, a shore radar for aiding the efficiency of ferry 
operations was installed at Wallasey. In 1948, the world’s first 
major Harbour Radar Installation was installed at the Port of 
Liverpool, and the use of this equipment has grown until to-day 
it is providing active assistance to some 800 ships per year. Also 
in 1948 a small shore radar was installed at Douglas in the Isle 


Topical Notes 





Ficcding Investigation of River Trent. 


The Department of Scientific and Industrial Research has con- 
tracted to carry out at the Hydraulics Research Station, Walling- 
ford an investigation on behalf of the Trent River Board to study 
means of alleviating flooding in the tidal reaches of the Trent 
between Newark and the point where the Trent enters the Humber 
at Trent Falls. 

Between Newark and Gainsborough, flooding may be caused by 
an excessive upland fresh-water discharge; between Gainsborough 
and Trent Falls, flooding may be due either to the combination of 
a large upland river discharge and a high tide, or to a storm surge 
superimposed upon the tide. 

In order to investigate the interaction of these various flood con- 
ditions, and to test methods of preventing or reducing flooding in 
the future, a model, some 270-ft. long, is to be constructed in the 
new Main Hall at the Hydraulics Research Station. The hori- 
zontal scale of the model will be 1/800, and the vertical scale 
1/72. Tides will be generated by a pneumatic displacer with an 
electronic servo-control. Data on tides, flows, bed materials, 
suspended load and salinities have been collected by the Trent 
River Board, and the design of the model and its associated equip- 
ment is now in progress at Wallingford. Construction of the 
model is expected to start early this year. 


British Transport Commission Port Improvements. 


Towards the end of last month, the British Transport Commis- 
sion published details of an extensive modernisation scheme, esti- 
mated to cost a total of £1,200 million. 

The plan aims to produce a thoroughly modern railway system, 
able fully to meet both current traffic requirements and those of the 
foreseeable future. It is based on the premise that its main com- 
ponents shall be capable of being started within five years, and 
completed within fifteen years. The main technical details of the 
plan are the result of six months’ intensive work by a Planning 
Committee set up by the Commission last May. 
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of Man. At about the same time shore radar installati: is wep 
put into operation at Long Beach, Halifax and Vancouv 

It may be of interest to review what has happened in the lay 
seven years. Additional installations of small equipme ts hay 
been made at Sunderland and Spitsbergen, the former of 1 ose ty 
having beep sponsored by the Ministry of Transport. A -pecialj 
developed Harbour Radar has been installed at Ijmuiden 0 agsiy 
shipping entering the North Sea Canal to Amsterdam and : majo; 
project is under construction for covering the new wat way 


Rotterdam with a chain of shore radars. At Le Havre a larg 
Harbour Radar insiallation is in full operation and exp: rimenys 
are now being conducted with a system to relay the shore pictur: 
to ships where it is directly available to the Master and P) ot. The 
first installations in Australasia have been ordered for Freemantk 
and Westport, and the first Harbour Radar in India being 
planned for the Port of Kandla. 7 

Extensive trials were carried out with Harbour Radar for the 
Port of New York and, as will be seen from the article on a follow. 
ing page, considerable operational success was achieved. Unfor. 
tunately, however, it appears that further developments there haye 
been shelved due to difficulties in finding a suitable method of 
financing the project. In Germany large scale trials of Harbour 
Radar are in progress at Hamburg, Cuxhaven and Bremerhaven 
It is hoped to publish a report on the trials at the former port ip 
a future issue of this Journal. 

In the United Kingdom which has so often given the lead to the 
world in maritime affairs, little further has happened since the 
initiative shown by Liverpool, and it might seem that Great Bri- 
tain is now in some danger of lagging behind her Continental 
neighbours. The delays to shipping outside British ports alone is 
known to run into hundreds of ship days per year, thus incurring 
what must amount to a considerable financial loss. Whether solu. 
tion is being delayed by lack of realisation of the problem, by lack 
of initiative in tackling it, or by technical shortcomings is a matter 
for speculation. 


The section of the plan which deals with ports states that the 
shipping services operated directly in connection with the railways 
are for the most part based on specialised packet ports, which are 
either owned by the Commission or in which the Commission have 
a substantial interest. Various improvements are required at the 
Commission’s packet ports and, despite the growth of air services, 
the trend of traffic fully justifies the expenditure. 

Provision is made in the plan to spend about £12 million on 
packet ports in Great Britain. In some instances, complementary) 
port works may have to be undertaken by the responsible autho- 
rities on the Continent, in Ulster, and in the Republic of Ireland, 
but it is reasonable to assume that they would be prepared to act 
in concert with the Commission. The works required relate to the 
Continental services, the Irish traffic, and to various estuarial ser- 
vices. In some cases, in addition to improvements at the ports 
themselves, additional works will be required inland, such as goods 
stations and inland customs depots both for freight and registered 
baggage. Account has been taken in the plan of the fact that 
electrification is proposed for the railway lines serving both Dover 
and Harwich. Provision is not, however, included for new ships, 
since these in general would fall to be built as renewals of existing 
vessels. 


Port Facilities at Montreal. 


A special committee comprising officials of the Canadian Har- 
bours Board and the Canadian Shipping Federation has been 
formed as a result of a meeting of representatives of the two 
organisations, called to consider the possible effects of the St. 
Lawrence Seaway on the Port of Montreal.’ 

At present, this port has no facilities solely for passengers, as 
the three arrival sheds used for dealing with passengers are also 
used far cargo, and it frequently happens that passengers and 
cargo are dealt with at the same time. This has meant that after 
disembarking passengers at a shed where another ship is unloading 
cargo, the passenger liner concerned has had to be moved to 
another shed to unload her own cargo, and then return to her 
original berth to embark passengers for the return voyage. 

To overcome this problem, the committee is planning for «ddi- 
tional facilities, which will include piers for passenger liners only. 
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Kitimat Harbour 
Design and Construction 
By W. L. PUGH, M.E.LC. 
Chief Engineer, Aluminium Company of Canada, Ltd. 
Foreword, 


Hon. M.E.1.C., watched the pouring of the first aluminium 

ingot at the Kitimat Works of the Aluminium Company of 

Canada, Limited. That operation was the realisation, after 
forty years of thought and effort, of the production of useful power 
and the development of industry by the diversion of water from the 
north central plateau of British Columbia directly through the 
coast range mountains to the Pacific Ocean. 

The Cascade Mountains form the coast line of northern British 
Columbia. Behind them lies a plateau from two to four thousand 
feet above sea level. 

The potential power resources of this fjord-plateau area 
remained a challenge for years, partly because the smallest possible 
development would be gigantic, with unknown engineering 
problems, and partly for lack of a consumer to use the power 
output; the initial investment would be enormous and could not be 
undertaken without a reasonable assurance of a large initial power 
load. The search for a user of this power eventually turned to 
aluminium production. Of all Canadian industries, aluminium 
smelting uses the most electric energy per dollar of product; it is 
the largest power consumer in the country; and it requires the 
assembly of large tonnages of raw materials from various parts of 
the world, making an adjacent seaport, such as could be provided 
by a fjord, a practical necessity. So aluminium production was a 
natural, if not the only, prospect as the developer of this area, and 
the efforts of the Government of British Columbia concentrated 
over the years on attracting an aluminium industry. Today, the 
Kemano power station and the Kitimat aluminium smelter stand 
as evidence of the success of those efforts. 

At Kemano there was no room for an aluminium smelter and 
its accompanying townsite, but at the head of an adjacent fjord, 
called Douglas Channel, lay the Kitimat valley, several miles wide, 
extending 40 miles over a low divide to the Skeena River, where 
there were existing rail and highway facilities. Kitimat offered 
all the essentials and most of the desirable features for a smelter 
location. There was ample space, a good harbour for ocean ship- 
ping, and easy road and rail connections. But its use would 
necessitate a 50-mile transmission line across the mountains from 
Kemano. 

The full engineering story behind the conception, design and 
construction of the Nechako-Kemano-Kitimat development has 
been told in the November, 1954, issue of “ The Engineering 
Journal’”’—the monthly publication of The Engineering Institute 
of Canada. The following is a description (slightly abridged) of 
the harbour works, reproduced by kind permission of the Institute. 


QO: August 3rd, 1954, H.R.H. the Duke of Edinburgh, 


General Notes. 


A large part of the raw materials required for making aluminium 
at the Kitimat smelter will always be received in ships from Jamaica 
and other far-away places. Hence, a harbour with suitable wharf 
facilities for berthing and unloading ocean-borne traffic is of prime 
importance. The wharf at Kitimat will be known as “ Kitimat 


Terminal Wharf No. 1”. This paper describes the design and 
metiod of construction of this wharf structure. 

The river valley stretches northward between high mountain 
ranees and the river winds back and forth across the valley floor. 
The site of the new aluminium plant is on the west side of the 
valley, extending inland from these tidal flats, on which the 
harbour is located. The flats fall off rapidly into deep water, and, 
In o ‘er to provide an economical wharf site with safe berthing 
for | rge ocean-going vessels, it was decided to dredge a channel 
inlas to the selected wharf location, with a minimum width of 
abo. 400-ft. The dredged material from this channel was used 





for filling the flats behind the wharf area to provide building and 
storage areas. 

In order to retain this dredged material, it was necessary to 
construct two large rock moles. One mole ran northward from 
the proposed wharf end to higher ground and the other ran west- 
ward to the shoreline. These moles were constructed by dumping 
quarried rock on the original ground surface. A graded sand and 
gravel filter was placed along the inside face of the mole to provide 
drainage and to prevent tidal action from washing out the dredged 


The axis of the wharf was selected so that a vessel approaching 
it would be in line with the prevailing winds which are nearly due 
north or due south, depending on the season. 


Selection of Wharf Type. 


Because of the large amounts and wide varieties of materials 
required for operating the aluminium plant, a wharf large enough 
to berth large ocean vessels had to be constructed and equipped 
with suitable unloading towers for handling bulk materials and 
also with facilities to ship out aluminium ingots. 

Several wharf arrangements and types of construction were 
studied before the final design was adopted. Timber is plentiful 
in this area for a timber pile type wharf, but because of the pre- 
sence of marine borers, it would be necessary to creosote all such 
piling. Steel H pile and pipe pile were also considered, but as 
steel was scarce at that time, due to the Korean War, the idea of 
using them was abandoned. Concrete piles were also considered, 
but it was felt that their length would be so great that they would 
be too costly to cast, handle and install. 

In any case, it was desired to have a fire-proof wharf structure 
because of its vital importance to the operation of the plant. Even 
a structure with a concrete deck supported on creosoted timber 
piles was regarded as a hazard. It was, therefore, decided to study 
the possibility of an all-concrete wharf. Consulting engineers were 
therefore retained to study and make recommendations for this 
type of wharf. 

At present, berthing a single large freighter requires a wharf 
length of 750-ft. The wharf had to be extensible to a length of 
about 2,200-ft. to meet future requirements. 

The extreme high tide at the wharf site is at about elevation 
+23.08-ft. The extreme low tidal elevation is +0.58-ft. A 
minimum depth of 32-ft. was required for ship draft at low tide, 
and the wharf design had to be such that this could be increased 
to 34-ft. in the future. The harbour is reasonably protected, but 
there is the possibility of wind-whipped, 7-ft. waves occurring in 
the bay. Based on these data, the El. +30.0 was established for 
the wharf deck surface. El. — 31.0 was established for the bottom 
of the dredged ship channel. 

The consulting engineers suggested sinkable concrete boxes or 
caissons for the wharf structure. These caissons in place form a 
gravity retaining wall, with overturning resistance furnished by the 
weight of the internal fill. As such, they were designed to resist the 
external thrust of the backfill material, and their concrete walls 
are designed to have sufficient strength to contain the fill material. 

This type of wharf structure was finally adopted. Precast concrete 
units have previously been used for wharves, but this is one of the 
first applications where the units have been built on their sides, 
because of shallow water conditions, and then careened into final 
position. 


Soil Conditions. 

The soils encountered at Kitimat represent a complex history, as 
indicated by borings. The general topography was formed by the 
eroding action of a glacier leaving high rugged peaks and deep 
valleys. The soils are a composite of alluvial and modified glacial 
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Kitimat Harbour—continued 


deposits. The alluvial deposits are represented by the fine-grained 
soils and are stable and fairly dense. The coarser grained soils are 
of glacial outwash origin and are of lower density, as indicated by 
their range of grain sizes. It was thus anticipated that the stratifica- 
tion would be variable: however, each stratum should be fairly 
uniform. 

To obtain first-hand knowledge of the subsoil conditions at the 
wharf site, a programme was outlined for a series of drill holes to 
be sunk along the line of the wharf. Twelve borings were made, 
spaced about 120-ft. apart for the first 1,100-ft.. and then about 
400-ft. apart to provide information for the possible future wharf 
extension. 

Split-tube samples were taken in the coarse grained soils, Shelby- 
tube samples in the finer grained soils, and wash samples when 
other samples were not recovered. These wash samples were not 
representative, as most of the fines had been washed out. How- 
ever, they did indicate, in a general way, the granular characteristics 
of the soil; they were taken to complete the record.  Six-in., 
4-in. and 3-in. casings were used. The 6-in. casing was driven 
through the upper gravel stratum and the 4-in. casing was 
telescoped inside it. This was necessary as the frictional resistance 
of the gravel would prevent salvaging the casing. 

The depth of any boring was determined by the assumed wharf 
load and the necessity of terminating the boring in a relatively 
pervious stratum, so that no question would arise concerning the 
thickness of a loose, fine-grained stratum, if the boring terminated 
in such a layer. Drainage conditions would also be established by 
the coarse soil. All borings were carried to such a penetration, 
that the assumed stress intensity at that depth would not be of 
sufficient magnitude to cause appreciable settlement. 

Samples were taken approximately every 10-ft., except imme- 
diately beneath the proposed bottom elevation of the wharf 
caisson; here they were taken at 5-ft. intervals for a depth of 
approximately 25-ft. This closer spacing was required for 
verification of the stratification and test results, since the greatest 
load would be carried by the soils in this region. The soil samples 
obtained indicated the anticipated complex system of stratification 
and the existence of only granular non-cohesive soils. The soil 
immediately underlying the wharf area is fine silty sand, in a 
medium dense state. 

The samples were shipped to Edmonton for testing. These 
results indicated that the average angle of internal friction was 
about 30°; that a compression index of 0.16 is representative of 
the soil under the wharf; and that the soil was granular with a 
suitable range of grain sizes and in a medium compact state. 


Design of Caissons. 


The wharf structure finally adopted is composed of three 
separate reinforced concrete caisson units. Each unit is 250-ft. 
long, 45-ft. wide and 61-ft. high. The individual units contain 
a central longitudinal diaphragm wall of variable thickness and 
transverse 8-in. thick diaphragm wall spaced at about 19-ft. 
centres, resembling an open-top egg crate. Figure 1 illustrates 
some of the typical details of one of these caissons. 

The front and rear wall slabs are designed to resist the interior 
filling and backfill loading stresses respectively. The interior 
diaphragm walls are designed for a maximum 5-ft. differential 
in height of the interior filling. The main function of the bottom 
slab is to make the box watertight for floating into place. This 
slab extends 4-ft. beyond the front wall to provide a toe to assist 
in distributing the foundation loads. The walls have a backward 
slope of 3 inches per foot of height in order to throw the centre 
of gravity of the loading as far back as possible. 

The reinforcing steel was proportioned on the basis of a unit 
stress of 20,000 per sq. in., except during launching a stress of 
24,000 per sq. in. was allowed. Concrete was proportioned to secure 
3,000 per sq. in., compressive strength at 28 days. 


Design Loadings. 


The internal fill in the cells was assumed in design as of mixed 
gravel and rock with a unit weight of 110 per cu. ft. The angle of 
internal friction was assumed as 40° and angle of wall friction 
as 25°. The pressures on the front wall were computed on the 


basis of soil at rest, including the effect of a 750 per sc. ft. sy. 
charge at the deck level. Bin effect and the effect of wa! ‘rictioy 
were also included in the computations. Free drainag of the 
material above mean low water was also assumed.  3ackfijj 
pressure against the cells was assumed as that from a c bined 
gravel-rock fill with a dry weight of 110 per cu. ft. and a su merged 
weight of 65 per cu. ft. The angle of internal friction was ssumed 
as 40°. The deck live loading assumed consists of the 50 per 
sq. ft., uniform load, combined with two standard railw. y track 
loadings, the loading of the unloading cranes and the in pact or 


pull from ships. 


Caisson Drainage Provisions. 


Special drainage provisions were required to ensure that water 
would not be trapped inside and behind the caissons, since the 
caissons were designed on this assumption for maximum ecx ynomy, 
These special provisions consist of two rows of 6-in. wi eepholes 
through the three longitudinal walls and a 12-in. pipe drain cast 
into each transverse diaphragm wall, extending from the wharf 
face through to the backfill. This pipe will also aid in draining 
the back cells. The weepholes are spaced so that there will be two, 
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Fig. 1. Typical Details of Wharf Caisson. 


together with the 12-in. pipe drain, in each cell. The weepholes 
should help to drain both the internal and external backfills, 
although some of them will probably become clogged. Then those 
in the front wall, the more important, can be cleared so that they 
will drain the front cells. It is improbable that all the weepholes 
in the back cells will become clogged, so some degree of drainage 
will always be provided in the back cells. The 12-in. pipe drains 
will not clog easily; if they do, it is possible to clean them by 
rodding and jetting from the front face of the wharf. Drainage 
of the backfill is thus permanently ensured. 

Drainage between the caisson units will be insured by the open 
type joint shown in Fig. 1. The front wall slab is extended 2-ft 
beyond the cell end wall to form this special joint between the 
caissons. This joint was designed to retain the fill between the 
units, provide free drainage of the fill, and allow adequate tolerance 
in placing of the units. It will also allow some differential move- 
ment of the caisson units in place. 


General Wharf Details. 


Figure 2 is a typical cross-section through the completed wharf 
structure. 

The caissons were topped off with a 5-ft. coping wall and rein- 
forced concrete beams carry the travelling unloading crane loads 
directly into the caisson walls. Reinforcing bars were left projecting 
from the top of the caissons to anchor these beams. 

The level of the wharf deck was established at El. 30.0. The 
deck surface was sloped upward from the wharf face to give propef 
drainage. The annual precipitation at Kitimat is about 90 inches. 
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During ine months of December, January and February, the snow- 
fall may amount to over 200-in. Thus, surface drainage required 
serious consideration and study. 

The unloading crane rails were spaced 32-ft. centre to centre. 
The outer rail is 5-ft. from the wharf face, providing space for 
bollards and a timber guard rail along the edge of the wharf. 
The unloading cranes span two standard railroad tracks extending 
the length of the wharf. A steel conveyor gallery mounted on 
temporary timber bents extends along the wharf, back of the 
ynloading cranes, to convey unloaded bulk materials to storage 
buildings on shore. A future steel-framed transit shed is provided 
for: when it is built it will provide a permanent support for the 
conveyor gallery. 

Oil pipes were located below the deck surface, with connections 
to discharge oil from tankers to shore tank farms. Water lines 
were provided for fire protection and ship supply. The surface of 
the wharf will be paved with asphalt for the present, perhaps later 
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Fig 2. 
to be replaced with concrete when all settlement of cells or com- 
paction of cell fill materials has ceased. 

Galvanised steel bolts were cast into the face of the caisson, to 
which a creosoted timber fender system is attached. This system 
is really a rubbing block arrangement for the protection of the 
wharf wall from the floating fender system. The floating fender 
was made up of untreated timber and will act as a cushion between 
ship and wharf. 


Typical Cross-section through Wharf. 


Caisson Internal Fill. 


The internal caisson fill was selected to furnish sufficient mass 
for stability of the structure, to have high internal friction to 
reduce pressure on the caisson walls and to be free draining to 
reduce pressure from entrapped water. This material was specified 
to be composed of rock up to one cu. ft. size with the largest 
dimension of any piece not greater than 18-in. Gravel-sized 
particles could be included, but no more than 10 per cent. in 
Weizht should pass a 3-in. screen. 

Before placing the fill in the caissons, the bottom was covered 
with a 1-ft. sand cushion. The caisson fill was placed in lifts, 
so that there was never more than a 5-ft. difference in elevation 
between adjacent cells. The fill was placed by direct dumping, 
but care was taken to avoid heavy impact on the concrete. 

cause of the difficulty of finding suitable and sufficient rock 
fill s specified, the specification was altered to permit the use of 
tive: boulders and gravel up to 1 cu. ft. in size and screened to 
rem>ve all fines smaller than 1-in., but boulders and gravel only 
to \"> extent of 50 per cent. of the total fill quantity. The filling 
Ope tion was regulated so that rock, boulders and gravel were 


completely mixed. The combined fines of the quarry rock, river 
boulders and gravel that would pass a }-in. screen was not more 
than 10 per cent. of the total volume. 


Backfill Behind Caissons 


The special gravel and rock backfill immediately behind the 
caisson was designed to reduce overturning and sliding forces. The 
material specified was similar to the caisson internal fill, except 
that larger rock was used when not in direct contact with the 
caisson concrete and at least 5-ft. away from the sand and gravel 
filter. In general, the material was graded from coarse to fine 
towards the back of the fill, with the back 2 or 3 feet composed 
mostly of particles less than 6 inches in size to prevent the filter 
material from washing into the voids. The sand and gravel filter 
was to contain no more than 10 per cent. by weight of material 
passing the No. 200 sieve and from 60 to 90 per cent. passing the 
l-in. sieve. This sand and gravel filter was carried over the top 
of the special rock backfill. The area behind this special fill was 
filled hydraulically. 


Base Pressure and Blanket Fill. 


Base pressure distribution was carefully considered. It was 
known that the foundation would yield and that settlements would 
occur. The redistribution of the base pressure resulting from this 
yielding condition had, therefore, to be considered. The caisson is 
inherently a rigid structure. Therefore, the entire caisson should 
settle as a unit and settlement should tend to be uniform. How- 
ever, only a flexible structure would be capable of withstanding 
large differential settlements, with resulting uniform bearing 
pressure. As a result of these studies, it was finally decided to 
design the toe slab for a maximum base pressure of 12,000 Ib. 
per sq. ft. 

The ultimate bearing capacity of the soil was determined from 
Terzaghi’s formula for continuous footings (Article 29, Soil 
Mechanics in Engineering Practice, Terzaghi and Peck). As the 
relative density tests and blow counts of samples indicated a 
medium dense soil, an intermediate value between the loose and 
dense state was used in the Terzaghi formula. On this basis, the 
ultimate bearing capacity of the natural soil, for an angle of 
internal friction of 30°, was found to be 12,000 Ib. per sq. ft. 
Hence, it is apparent that the soil did not have sufficient bearing 
capacity to support the caisson wharf directly on the surface of 
the dredged cut. 

Two means of supporting the wharf were considered, namely, a 
pile foundation and dredging out some of the material and back- 
filling with soil of higher bearing capacity. A pile foundation 
would have been expensive and difficult to install because of the 
depth of water and was so ruled out, and the dredging and back- 
filling method was adopted. 

This scheme improves conditions in two ways. First, the stress 
intensity at the elevation of the top of the natural soil is reduced, 
since the stresses are somewhat dissipated in the blanket layer. 
Second, the natural weaker soil is confined by the weight of the 
overlying blanket layer and will therefore have a higher ultimate 
bearing capacity. Assuming a 10-ft. gravel-rock blanket, the 
underlying natural soil will have its ultimate bearing capacity 
increased to 22,000 Ib. per sq. ft. as a result of confinement. This 
bearing capacity is ample and provides a factor of safety of two, 
since the bearing pressure on the natural soil beneath the blanket 
is reduced, due to the distribution of toe pressures by the blanket. 

The possibility of a slide failure occurring beneath the caisson 
was investigated. It was found that the most critical slide surface 
is the one that passes closest to the base of the wharf. The high 
shearing resistance of the gravel and rock blanket lowers the slide 
surface and increases the safety factor to something over two, 
which is sufficient. 

The function of the blanket is to distribute the load to the 
underlying soil and to help prevent sand boils and piping under the 
caisson when the tide is ebbing. The soil tests indicate that the 
underlying soil below the blanket is sufficiently dense and has 
sufficient bearing capacity to make further foundation provisions 


unnecessary. : 
The material for the main body of the blanket was specified to 








THE Dock AND HARBOUR AUTHORITY 





Kitimat Harbour—continued 

















Fig. 3. The Three Caissons in the Graving Basin. 


be composed of particles up to 4-in. size, with no more than 10 per 
cent. passing the No. 30 sieve. Crushed stone would have been the 
ideal material for the blanket, because of the mechanical inter- 
locking of the angular particles. As suitable rock was scarce and 
costly, this specification was revised and the blanket is composed 
chiefly of gravel with particles up to 6-in. maximum, for the lower 
3-ft. thickness, but for the upper 1-ft. thickness not to exceed 4-in. 
maximum. The upper 2 to 3-ft. of fill immediately under the 
caisson was composed of crushed stone. 

The blanket material was placed by direct dumping and high 
spots levelled off by means of a drag with a variation of about 
+ 3-in. 


Casting Basin Construction. 


Possible construction methods for the caissons were discussed 
for different launching schemes, such as inclined launching ways, 
rigid barges, graving basin and dry dock. 

A sectional timber dry dock was available at Prince Rupert, 
150 miles away. In addition to the towing hazard down the coast, 
there was the problem of preventing any movement of the dry dock 
while the concrete was being placed, and until it attained substan- 
tial strength. Rigid barges could have been used as dry docks. 
Launching could have been done by grounding them at low tide, 
filling with wate: and utilising the rising tide to float off the caisson. 
It was not practicai tc use this method for 250-ft. long sections. 
Using inclined launching ways was not desirable, as this method 
would involve special stress and stability problems and would 
require extreme care to avoid difficulties. The cost of this method, 
because of the length of pile supported ways, would be greater than 
that of other methods. Launching the caissons in a graving dock 
was considered to be the safest and simplest of the methods and 
was finally adopted. This method is particularly adaptable to 
units of great length and width. ; 

Adjacent to the wharf site was an area large enough to accom- 
modate the three caissons in a basin, as shown in Fig. 3. Existing 
ground was a little above low tide level. Natural soil was not 
impervious enough for a completely water-tight dike around the 
basins, but with the bottom a few feet below low tide, full head 
would be against it only part of the day. No serious damage could 
result from a try, so part of the necessary excavation was removed 
by drag-lines and bulldozed into dikes to form the basin walls. 





These dikes were reasonably satisfactory after the outer slopes 
had been sanded to reduce leakage. Timber sheet piling was also 
considered to aid in reducing leakage, but it was impossible to 
drive it into the fill. 

The consulting engineers had figured that if the caissons were 
cast in an upright position, a draft of 30 feet would be required 
to float them. This would have required a deep and costly casting 
basin. By casting the caissons on theiy sides, a draft of approxi- 
mately 19-ft. would be required, so this method was adopted. 
They also advised that an additional 2-ft. of depth be provided 
as a Safety margin. The casting basin floor had, therefore, to be 
at least 21-ft. below mean high tide level during the period when 
the caissons were expected to be floated. Available information 
indicated that mean high tide level during a seven-day high-tide 
period would be at approximately El. +17. Thus, the top of the 
finished casting floor was established at El. - 4. 

The casting basin floor was approximately 260-ft. wide by 
330-ft. long in the north-south direction. There was a berm 
about 20-ft. wide at El. +8 around the basin, used as a roadway, 
with a ramp to the basin floor in the centre of the south end. A 
ramp ran from the berm to the top of the dike at about El. +25 
at each of the south corners. The basin was drained by a timber 
sheeted ditch around the edges connected with sumps. In addition, 
there was a well point system with headers at El. +8. Maximum 
seepage was estimated at about 4,000 galls. per min. 

The caissons were arranged in the form of the letter U with one 
caisson at the north end of the basin, running east and west. to 
form the bottom of the letter, and one caisson along each of the 
east and west sides of the basin, running north and south, and 
forming the sides of the letter. The caisson edge was only 5 to 
6-ft. from the inside toe of the basin dike on all sides. 


Construction of Caissons. 

The casting basin was completed, the floor levelled, and the 
first form-work for the caissons was started on February Ist, 1953. 
Forms had been prefabricated as far as possible while the casting 
basin was being completed. The first concrete was poured in the 
east caisson on February 20th; in the west caisson on February 
24th; and in the north caisson on February 2/th. . 

The concreting of each cell was carried out in five different lifts. 
The back slabs of the cells rested directly on the floor of the casting 
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basin. Ihe lower sections of the diaphragm cross walls and ends 
were then poured; next, the longitudinal diaphragm; next, the 
upper sections of the diaphragm cross walls and ends, and then 
the top slab, which is the exterior wall of the caisson in its final 
position. This method of pouring was adopted so that full control 
of the pouring and finishing of the critical outside face wall could 
be done under ideal conditions. 

It is known that an imperfection in the original concrete surface 
of a structure exposed to sea water action is the first point of attack 
or disintegration. It is expected that the pouring method adopted 
will minimise this possibility of failure. 

Transit-mix trucks and dump-cretes were used to haul concrete 
from the central batching and mixing plant to hoppers on the bank 
of the casting basin. From these hoppers, power and hand buggies 
carried the concrete to the forms over a system of runways about 
5-ft. above the level of the slab being poured. Cranes and buckets 
were also used to handle some of the concrete for the top pours. 
Each pour was a continuous operation. Figure 4 shows the 
caisson construction near completion with some of the forms 
removed. 

Concrete was placed in the lower half of the cross walls and ends 
by means of elephant trunks and pockets in the sides of the forms. 
The remainder of the walls were filled by dumping into the top 
of the form. Particular attention was given to vibration and a 
plastic mix was used to avoid honeycombing, but some did occur 
in the first pours. These areas were repaired by first chipping out 
the defective concrete and then filling the voids with gunite. 

The concrete for the east caisson was completed on April 11th, 
1953; for the west caisson on April 13th; and for the north caisson 
on April 15th. There was a total of 10,715 cu. yd. of concrete in 
the caissons. 

The concreting was carried out in fairly cold weather, but all 
concrete was kept under specified curing conditions with the aid 
of oil salamanders and steam heating. The caissons were totally 
enclosed by tarpaulins. The temperature of the concrete delivered 
to the site varied from 63° F. to 72° F. with an average of about 
65° F. 

Type II cement was specified for this concrete because of its 
high sulphate resistance. The aggregates were natural sand and 
screened gravel graded to specified limits. The water-cement ratio 
was specified to be not greater than 0.50 by weight. An air 


entraining agent was used to achieve a final air content of 4 to 6 
per cent. in the fraction of the mix below 14 inch size. A plasticizer 
was also used to aid in securing a very dense concrete. 

The caissons were designed on the basis of 3,000-pound concrete. 
The mix was designed to give as high a grade of concrete as 
possible, because durability was superior to all other requirements. 
The ultimate strength of the concrete averaged about 2,200 to 
2,400 Ib. per sq. in. at three days; 3,600 to 4,000 Ib. per sq. in. at 
seven days; and 5,100 to 5,900 Ib. per sq. in. at twenty-eight days. 

In order to float the caissons for launching, it was necessary to 
close the lower cell openings with temporary bulkheads. These 
bulkheads were prefabricated and erected after the caisson forms 
had been removed. They were faced with canvas to improve their 
water-tightness, and all the gaps where the timber did not fit the 
concrete walls were caulked with grout. 


Preparation for Launching. 

A lighting plant was installed in slings on each caisson. The 
discharge manifold, to be used when pumping water ballast into 
the cells, was installed on each caisson. Mooring and fendering 
facilities inside the graving dock were installed in accordance with 
recommendations of the consultants. The bottom of the graving 
dock was graded to El. -4 and all debris removed ready for 
launching. 

The drainage pumps were shut off and removed from the graving 
dock in final preparation for the trial launching. On Saturday, 
May 9th, flood gates in the south dike of the graving basin were 
opened and the water level in the basin was allowed to rise with 
the tide. Considerable leakage through the timber bulkheads 
became apparent and caulking was started immediately on the east 
and west caissons. Suitable 14- and 2-inch pumps were brought in 
and one pump was placed in every cell of each caisson. It was 
found that one pump per cell was not sufficient to dry all three 
caissons quickly enough, so all valves in the north caisson were 
opened and it was allowed to rest on the bottom until the other 
two were ready for towing from the basin. 

As soon as the flood gates were opened, work was commenced 
on cutting a channel through the south dike. Two carryalls, four 
bull-dozers and three 24-yd. draglines worked continuously for 
three days. After the dike was breached, the three draglines 
continued widening and deepening the cut until just before the 








Fig. 4. 











Concreting of Caissons in Graving Basin, near completion 




















Fig. 5. The First Caisson moored to its Dolphins and partly careened. 


last two caissons were towed from the dock. The dredge was also 
used to remove high sections in the central portion of the breach, 
which the draglines could not reach. 

The trial launching of the east and west caissons was carried out 
shortly after the dike had been breached. Both caissons floated 
with characteristics very close to those calculated. Both floated 
and grounded on each tide cycle thereafter until they were towed 
from the basin. 

The west caisson was towed from the graving dock into the 
dredged harbour by two 400 h.p. tugs. The weather was clear, 
the sea was dead calm and this caisson was towed to the south 
end of the permanent wharf site and moored. The water in the 
ballast tanks was then transferred to the back cells to careen the 
caisson partially and to lift the timber bulkhead out of water. All 
but three pumps were then removed and set up aboard the north 
caisson. 

Figure 5 is a general view of the wharf site looking west and 
showing the first caisson removed from the casting basin and 
anchored in a partially careened position, and the two remaining 
caissons still in the casting basin. 

On May 14th an attempt was made to tow the east caisson out 
of the graving dock. It was first shifted straight west from the 
east side of the graving dock to the channel entrance. Then as the 
tug started moving the caisson southward, it grounded on the east 
side of the channel and had to be pulled back into the graving 
dock. By the time these operations had been completed, the peak 
of the tide was past, and it was necessary to moor the caisson in 
the graving dock until the next suitable tide, when it was finally 
towed out of the graving dock. 

While the east caisson was being towed into deep water, lines 
were run from the north caisson to tractors on the shore, which 
turned the caisson in the basin. The east caisson was left in deep 
water and at 3.00 a.m., the tugs came back for the north caisson 
and towed it through the channel into the dredged harbour. Driv- 
ing the temporary mooring dolphins on the east side of the ship 

















Two Caissons in place and the third being careened into 
place. 
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channel was completed on May 17th. All three caisso: were 
moored to these dolphins and remained there until grading of the 
foundation blanket was completed. Placing and gradi. g this 
blanket was completed on May 28th. _— 

Caisson No. | was then moved from its temporary moo ng on 
the east side of the ship channel to its final location and c: ‘eened 
to its upright position. This operation was completed . ithoy 
incident and pumping into the lower cells was started, fc ‘lowed 
by pumping into the upper cells until the caisson had 1 ached 
the upright position when the pumps were temporarily s!-ut off 
Additional water was pumped into the caisson to increase its draft 
so that it would rest on the bottom at low tide. During the 
careening operation, the caisson was held in position by the two 
tugs and mooring lines to dolphins and to tractors on shore. The 
pumps used were mounted on a scow alongside the east side of the 


caisson. 

Caisson No. 2 was moved from the east side of the ship channel 
to its final location, careened during the night and set on the 
bottom. 

Finally, caisscn No. 3 was moved to its final location, careened 
and set on the bottom, but failure of a winch on one of the hold- 
ing tugs at a crucial moment allowed the caisson to settle off 
position. The caisson was refloated on a rising tide and placed 
on the bottom again. Figure 6 is a view looking south along the 
wharf showing caissons Nos. | and 2 landed in their final position, 
and No. 3 just being careened. 
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CAREEN TO 60° 


The maximum deviations of the actual front faces of the caisson 
from the design location of the front face are 0.08-ft. east and 
0.48-ft. west. Caisson No. 1 is located 2.17-ft. north of the design 
location. The space between the exterior end walls of Caissons 
Nos. | and 2 is 4.06-ft., thus making Caisson No. 2, 3.11-ft. north 
of the design location. The space between the exterior end walls 
of Caissons Nos. 2 and 3 is 5.93-ft., thus making Caisson No. 3, 
2.18-ft. north of the design location. These figures indicate that 
the entire wharf is 2.17-ft. north of its design location. 

Stripping of the bulkheads and removal of the equipment from 
the caissons commenced as soon as they had been placed. 


Description of Careening Procedure. 


_ A brief description of the careening procedure should be of 
interest. This was worked out in detail by the consulting 
engineers, who have had extensive experience with floating drydock 
structures. Figure 7 is a sketch showing the various stages of the 
careening operation. 

In the first view of the sketch the initial condition of the cais- 
son in its floating position is shown. By putting two temporary 
timber bulkheads at and near the open end of the caisson, it could 
be properly ballasted with water to float level for removal from 
the casting basin. This ballast was necessary to counterbalance 
the weight of the bottom slab or the closed end of the caisson. 
After the caisson had been towed to deep water, the water ballast 
was transferred as shown in the second view of the sketch. 

A six-inch pump lifted water to the top of the caisson where 4 
full length pipe header with 1-in. valves in each compartment made 
control of ballast water for sinking easy. Filling by gravity 
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through valves in the bottom of the caissons could have been 
ysed, but it gives less positive control of the operation. 

With the caisson partly careened by permitting the original 
ballast water to flow to the bottom, the pumps were used to add 
water in the same compartment to sink the low edge to about 36-ft. 
draft as shown in the third view of the sketch. This was necessary 
fo insure stability in the final upright position. Water levels in 
adjacent compartments were kept within a foot of each other 
and trim of the caisson was held within a foot for its full length. 
Next, water was pumped into the upper compartments to bring 
the caisson vertical at 33-ft. draft as shown in the fourth view 
of the sketch. 

About an hour before low tide, the caisson was accurately 
positioned and evenly ballasted. Ballast was then added to in- 











Fig. 8. Looking South along Wharf, backfill completed. 

















Aerial View showing completed Wharf at right centre with 
line of Dolphins beyond. 


Fig. 9. 


crease the draft to about I-ft. greater than the depth of water 
predicted at low tide. As the tide ebbed the caisson settled on 
the bottom; plugs in weepholes below water level were knocked 
out and water pumped in from the top to fill the caissons ahead 
of the rising tide. If final positioning was not accurate, as was 
the case with Caisson No. 3, the water was pumped out and the 
caisson allowed to be lifted by the tide and positioned again. 

The filling of the caissons was started as soon as possible after 
their being finally positioned. The type of fill material has already 
been described. Mine side dump cars were used at first until 
ag ‘oe brought up to an elevation where motor trucks could 

e 

A ‘er the placing of the sand filter blanket over the rock back- 
fill lind the caissons, the remaining area was completely filled 
by terial placed hydraulically from the dredge. 


Figure 8 is a view looking south along the wharf showing the 
cell filling and backfill nearly completed. The projecting rein- 
forcing bars for anchoring the coping wall and unloading tower 
track beams to the cells can also be seen. 

Figure 9 is an aerial view looking over the completed wharf. 
The casting basin where the caissons were constructed can be seen 
to the right. Looking closely, a shadow in the water shows the 
dredged approach channel leading to the wharf site through the 
tidal flats from deep water. The mountains surrounding the plant 
site can also be seen in the background. 





Book Reviews 


Port Administration in the United States, by Marvin L. Fair 
(Cornell Maritime Press, Cambridge, Maryland, U.S.A. 
Published in the U.K. by Putnam & Co., Ltd., 42, Great 
Russell St., W.C.1. Price 45/-). 


The author, who is Professor of Economics and Transportation 
at Tulane University, Louisiana, prepared this book under the 
joint sponsorship of the University and the American Association 
of Port Authorities. It is intended to be a broad study of the many 
non-comparable types of public Port Administrative bodies as well 
as the port facilities of private industry, and is based on the 
replies to two questionnaires relating to port authorities and port 
management received from a comprehensive selection of U.S. ports. 
It deals with the developments and functions of port administration 
generally, and covers such branches of the subject as the planning 
of general cargo terminal facilities, finance and cargo handling. 

It is the author’s aim that this account of the organisation and 
experience of the sixty-one port authorities included in the study 
will be informative and helpful to any port which wishes to 
establish or improve the organisation or functioning of its 
administration. It will also be valuable to students and others not 
directly active in port-working. 

Mr. Fair believes that an orderly development of facilities accor- 
ding to a long-range plan, timed and adjusted with trade develop- 
ment, provides the only sure way in which a port may realise its 
possibilities. The fact that the long- and short-term plans are 
subject to changes does not alter the principle. 

There are nine main points which, the author states, should 
govern the planning of facilities. One of these is that the maxi- 
mum of efficiency should be the guiding principle. Above all, 
facilities should be designed to fit the needs of modern cargo vessels 
and the newest type of inland transport facilities. To invest many 
thousands of dollars in facilities which, in terms of modern cargo 
vessels, are obsolete at the time of their completion is a tragic waste 
of financial resources and postpones the day of realisation of the 
port’s full potential. 

Adaption and improvements of existing facilities should be fully 
explored before making a much heavier investment in an entirely 
new pier or wharf shed. Another point concerns the desirability 
of disturbing existing arrangements of terminal and carrier facili- 
ties as little as possible to accomplish the ultimate goal. 

To prevent waste from the duplication of facilities, the develop- 
ment of a port should be guided so as to eliminate destructive ele- 
ments of competition, and a large investment in a specialised 
waterfront terminal should not be made to accommodate port 
traffic which is likely to be temporary. 

Mr. Fair devotes a section to the question of speedy cargo hand- 
ling. This is contained in a chapter on “ Planning of General 
Cargo Terminal Facilities ” and states that the speed of handling 
cargo at the terminal will depend upon: (1) the number of hand- 
lings required; (2) the directness of movement between the inland 
carrier and the ship’s hatch; and (3) the speed of handling between 
inland carrier and wharf shed, between wharf shed apron, and be- 
tween apron and ship’s hold. 

Wide and weil equipped wharf aprons permit direct handling 
between ship and truck or wagon, which results in reduced and 
faster handling than is possible through the shed. In order to 
gain adequate speed of handling through the shed. the design 
should, as far as possible, allow direct movement of a shipment 








from inland carrier to the hatch of the ship to which it is to be 
delivered. 

Traffic cross currents on platforms and in the shed should be 
eliminated as much as possible. This requires freedom from 
obstruction of supporting structures and freedom from _inter- 
ference of motor truck movement. Storage sheds should have 
sufficient height to provide for the tiering of pallet loads with 
adequate aisles to allow for uncongested handling. 

Tne terminal must be designed to use the type of equipment 
which will give the greatest expedition, whether that be lift-truck, 
tractor trailer, conveyor belt, gantry crane or other equipment. If 
motor equipment is employed, the floor should be kept in good 
condition, smooth, but not slippery when it is wet. There should 
be enough slope to ensure drainage. Adequate floor loads for the 
mechanised equipment must be provided in the basic construction. 

Economy is an important principle of port administration. Every 
port must make its operations as attractive as possible in terms 
of the cost of handling cargo. Economy demands that a facility 
should provide safety, flexibility, and speed of handling and yet 
not be too expensive in providing for them. No more finance 
should be invested in a wharf than is necessary to provide safe, 
gocd operating conditions. Change in the character and volume of 
traffic may make it desirable to change the wharf shed before many 
years have gone by. 


“ Transactions of the Hanoverian Laboratories (Civil and Hydrau- 
lic Engineering)”. Year 1954. Volumes Nos. 5, 6a, and 6b. 
Hanover, Germany. 

Five years ago, under the vigorous leadership of Professor Walter 
Henson, Director of the Franzius Institute of the Hanover Tech- 
nical College, there was formed an association of German engi- 
neering professors with the aim of furthering research into 
engineering problems of practical interest. It began, with the 
collaboration of engineers, as a summer school for the ironing out 
of practical difficulties, and has since progressed to the highest 
rank of technical research. The most striking feature about its 
activities is the convincing grasp of practical values, not that 
academic or theoretical adumbrations are neglected, they have 
their place but not undue prominence. 

Volume No. 5 contains four excellent papers on “ The use of 
steel piles for Dolphins” by Dr. Friedrich Ernst Muller; “ Earth 
pressure on steel sheet pile walls” by Dr. Dietrich Wiegman: 
“Test loads on pre-cast concrete and steel piles” by Gerhard 
Menze and “ Reduced model research into increase of wave height 
on sea walls in shallow water” by Professor W. Henson. Volumes 
No. 6, a and b, comprise the results of an intensive enquiry into 
the regularisation of the lower river Ems carried out on reduced 
model, under the supervision of Professor Walter Henson. 

These volumes contain much of great practical interest of wide 
application. 





“ Coast Stability,” by Per Bruun. Published by Atelier Elektra, 
Copenhagen, Denmark. 

This comprises a number of reprints of articles first published 
in “ The Dock and Harbour Authority ” upon the Danish methods 
of coast protection and other collected papers presented to the 
International Navigation Congress, Rome, 1953. The papers 
show a great degree of application and reliance upon model ex- 
periment and a striving to simplify out the natural complexities of 
sea action. The most interesting and useful data is that collated 
by the author in full scale observations, which unfortunately repre- 
sent a small fraction of the whole The author appears to be 
under the impression that pioneer work in coastal research dates 
back only two decades and had its genesis in America, whereas 
the truth is this period marks the origin of American awareness of 
coastal phencmena. In common with most American investiga- 
tors he ignores the centuries old works of Europeans, particularly 
the Dutch, English, French and Italians. Their achievements 
were substantial and durable, based upon close natural observa- 
tion and hard experience on the full scale and. one is forced to 
say it, unaccompanied by means of data and mathematical formule 
derived from inadequate reduced model experiments. There is 
only one wav to diagnose the phenomena of a shallow beach and 
that is by full scale survey over an extended period. 


THE Dock AND HARBOUR AUTHORITY 


Book R eviews—continued 





Febru: 1955 





“Ship Locks and Their Equipment.” (Schleusen und Heb: erke). 
340 p.p., 320 illustrations. By Professor Dr. Hans | hnert, 
Published by Springer-Verlag, Berlin. Price 45 mar} 

This volume has a particular and important usefulness to _nland 
Waterway and wet dock Authorities since it is the first cc nplete 
work on the subject ever published. It deals comprehc sively 
with the differences in the form of lock chambers to suit  arious 
conditions; the economical sizes of chambers, numbers ©. gates, 
position of gates and types of opening gear. 

The professor devotes a chapter to the measures to be ta).en for 
the economical use of locking water by the incorporation of alan. 
ing reservoirs incorporated in and without the lock structure, and 
examines in detail various devices and designs for the most ¢ ‘ficient 
accomplishment of emptying and filling. 

The practical details are not neglected and on the whole the 
volume is one which is of the greatest practical value to all siudents 


and professionals dealing with inland or maritime ship locks. 
The book is well and clearly illustrated and printed on excellent 
paper. R. R. M. 


The Suez Canal Accident 








Collision of Tanker with Swing Bridge 


History of the Bridge. 

The El Ferdan Swing Bridge was constructed for strategic 
reasons during the Second World War, and came into operation 
in August, 1942. It was intended to be used only for the dura- 
tion of the war, and it was agreed between the British Military 
Authorities and the Egyptian State Railways on the one hand, 
and the Canal Company on the cther, that the bridge would 
be dismantled at the end of hostilities. | However, in view of 
the British Government’s insistence on the continued strategic 
necessity of the bridge, connecting Egypt with Palestine, the bridge 
still remains, a hazard to navigation. 

The bridge consists of two swinging spans, each mounted on sub- 
stantial piers. The clearance between, spans when fully opened is 
220-ft., while the piers themselves are set in 30-ft. of water. There 
is therefore the risk that ships whose draught approximates to the 
maximum permissible can, through an errcr of steering, foul the 
piers and spans before touching the bottom. 

The extent to which the bridge is a hazard to navigation may 














The scene immediately after the accident viewed from the air. 
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The Suez Canal 


be judged by the fact that the Canal Company’s records show that 
about one incident occurs each month, mostly of a slight character. 
There have been two accidents since the war which were more 
serious, involving the “ McLellan Creek (1946) and the “ Volen- 
dam” (1947). Fortunately there has not until recently been an 
accident which has involved really serious damage, and consequent 
delay to shipping. It is, however, no exaggeration to say that the 
existence of the bridge has been a constant anxiety to the Canal 
Company, particularly in view of the increasing size and number 





— 











Flooded lighters in position prior to taking the weight of the span 
to enable flame-cutting into sections. 


of tankers using the canal, and of the increasing tonnage of liquid 
cargoes with a low flash-point. 


The Accident. 

On the 3lst of December, 1954, the Liberian tanker “ World 
Peace,” carrying over 16,000 tons of crude oil was approaching the 
bridge when the ship yawed to starboard. Yawing is not un- 
common on approaching the bridge, and is usually dealt with by a 
touch of the helm to port followed by a correction to starboard. 
This procedure was followed, and the first response (to port) was 
obtained; but the swing to port was not checked by applying star- 
board helm, and the bow went on swinging towards the African 
Shore. It was impossible to prevent an accident by going full 
astern, because there was not the sea-room in which to bring 23,000 
to rest. Moreover, there was a north-going following stream 
of . knot. 

ynsequently, the port bow of the tanker struck the north end 
oi 1c African span of the swing bridge, causing it to rotate counter- 
cl kwise until the south end of the same span swung out over the 
ta: .er and was in turn struck by the aftercastle. This second 


i 
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Accident—continued 


impact dislodged the span from its pivot, and pushed the entire 
span ashore, so that when the tanker finally ran aground, the 
north end of the span was resting on the bank 20 yards north of 
the axis of the bridge, while the south end was firmly jammed 
against the shelter deck and aftercastle of the tanker. One or two 
tank tops were torn off, to the accompaniment of a shower of 
sparks, and it was indeed fortunate that there was no explosion 
and outbreak of fire. The top of the pier and pivot were broken 
off. 

The accident took place at 0440 hours. By 2000 hours on the 
same day the necessary equipment had been mustered on site. The 
gear used was as follows: 

1 150 ton floating crane 
60 ton sheerlegs, also floating 
“camels ” capable together of lifting 2.000 tons 
salvage tugs, 3,000 horse power each 
empty lighters of 700 tons capacity 
bulldozer 
generating sets, 


Ne LhWN — 
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Extreme end of span, later removed from the “ World Peace 
Port Said. 


also a large quantity of pumping gear, oxy-acetylene cutters, fire 
extinguishing gear, and first-aid equipment. 

The operation of clearing away the wreckage and freeing the 
ship was one of considerable complexity, as will be seen from the 
accompanying illustrations, kindly supplied by the Suez Canal 
Company. 

Briefly the operation consisted of lifting the bridge span by 
means of lighters, cutting it into four sections, and lifting two of 
the sections by crane (these weighed 100 and 130 tons respectively) 
to be deposited on the canal bank. One section weighing 45 tons 
was left adhering to the tanker, and was later removed in Port 
Said. One section, the end of the span which was driven on to 
the African shore, was left slightly overhanging the canal bank but 
without forming an obstacle to shipping. 


Delays to Shipping. 


The time elapsed from the accident to the re-opening of the 
canal was exactly four days. During that time one hundred and 
fifty ships accumulated at both ends of the canal or were stopped 
in the canal itself. Exceptional measures were introduced to clear 
the congestion, and convoys of 70 and 75 ships were despatched 
from either end, at an 18 hour interval. It was not until January 
10th, almost eleven days after the accident that normal conditions, 
that is two convoys daily in each direction, were restored. 
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(5) Engineering Works at Hull—2 


Dock Railways. 


The emphasis placed on improved facili- 
ties for road access to the docks was not 
allowed to overshadow the importance of 
maintaining the extensive rail system within 
the dock area, nor of extending and 
improving it in appropriate cases. Within 
the Hull Docks Estate the Humber Ports 
organisation maintains a total of 190 miles 
of standard gauge running lines, quay lines 
and sidings. The local facilities for stocking 
permanent way materials and for setting out 
and assembling track layouts preparatory to 
renewals were very limited and, to secure 
greater freedom of action and economy in 
handling and working, a new P.W. depot has 
been provided on a site at the Alexandra 
Dock. For an expenditure of some £9,000 
an excellent depot has been laid out, in- 
cluding open and covered storage, Inspector’s 
office, messroom and crane shed, in addition 
to the requisite sidings and assembly area. 

Before this, however, two large schemes 
involving new permanent way layouts had 
been carried out. The first comprised the 
doubling of the running line from King 
George Dock to the extensive Salt End estate 
and the provision of additional exchange 
sidings in anticipation of increased traffic in 
petroleum oils and spirit. A scheme had 
been worked out in conjunction with the 
Petroleum Board prior to nationalisation, 
and a start made on the earthworks. The 
bulk of the permanent way was laid during 
1948, but it was only in 1949, after some 
delay arising from changed conditions, that 
a contract was placed for the construction in 
reinforced concrete of the bridge to carry the 
running lines and sidings across the Old Fleet 
Drain. Following this, the sidings were 
completed and the remaining stages of the 
work put in hand with the diversion of a 
trunk water main and the erection of customs 
fencing and gates. The whole of the work 
was finished by the end of 1950, the total 
cost being £56,000. 


The other project referred to in this 
category was the laying down of a series of 
sidings and the development of a large site 
on the south eastern side of King George 
Dock for the mechanical handling and 
storage of pitwood. This method involves 
the use of diesel-electric rail cranes on the 
sidings, the heavy wheel loadings necessita- 
ting the tracks being laid on stone ballast 
throughout, with additional sleepers at the 
joints. The site had previously been used as 
a spoil tip and a considerable amount of 
filling and levelling was required before the 
laying of the tracks could be commenced. A 
contract was placed in August, 1951, with 
Earth & General Contracts, Ltd., for 
excavation, filling and levelling the whole 


(Specially Contributed) 
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area, and the placing and consolidation of 
hardcore in way of the several groups of 
sidings. During the course of the work the 
provision of fire-fighting facilities received 
attention, a system of dry mains with 
multiple outlet header connections being laid 
in, all connected to a pumping site at the 
south-east corner of the dock. 


Dock Amenities. 


For a number of years the desirability of 
providing improved and additional lavatory 
facilities throughout the dock estate had 
been apparent, and as early as 1944 an 
agreed schedule of new and replacement 
construction was prepared. Many of the 
previously existing buildings had been 
destroyed or damaged by enemy action, most 
of the remainder had suffered from accumu- 
lated arrears of maintenance, and in nearly 
every case the amenities were not up to 
modern standards. One of the earliest 
decisions of the Commission on taking over 
the Humber Ports in 1949 was to push ahead 
with the implementation of the scheme, and 
in October, 1949, a programme for the first 
stage at a cost of £11,000 was started. Further 
instalments in the reconstruction programme 
followed in subsequent years, and, although 
experience and changing conditions have 
necessitated some alterations from _ the 
original schedule, nearly half of the full 
scheme has now been completed and more 


work is in progress. The aim is t provid: 
up-to-date lavatory and washing facilities 
conveniently situated throughout the Hyl 
Docks area in accordance with standards 
laid down by the Commission. 

Improvements in staff amenities have aly 
been effected by the construction of varioy 
small buildings, including messrooms, local 
Offices, and the replacement of the traditional 
“old sleepers and tarred felt” huts hy 
permanent brick structures or standard pre- 
Cast sectional concrete huts. A larger pro. 
ject, however, was the completion in 1954 
of a new canteen at Alexandra Dock, seating 
160 men. This building is of brick, ina 
modern architectural idiom, and is full 
equipped with up-to-date cooking and clean. 
ing appliances; under the main roof provision 
is made for washing and toilet facilities, 
Associated road improvements give direct 
access to the rear for delivery of stores to 
the kitchen and for various service facilities, 
A precast concrete sectional cycle shelter 
adjoins the canteen, and a paved surround 
and footpath to the front door ensure that 
the main road alongside is kept free, as far 
as possible, for vehicular traffic. 


Lock Gates. 

A description of engineering activities in 
a large dock system could not pretend to be 
complete without some mention of the 
characteristic and highly specialised work of 
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A corner of a Transit Shed in course of construction 
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maintaining and renewing lock gates. With 
the comparatively large tidal range of 
7) feet at spring tides, every dock at Hull has 
been constructed as an enclosed basin, with 
entrances ranging in width from 42-ft. 6-in. 
up to 85-ft., and with sills laid at from 
25-ft. 8-in. to 41-ft. 8-in. below M.H.W.S. 
Including dry docks there are no fewer than 
\4 pairs of steel or wrought iron and eight 
pairs of timber gates to be maintained; in 
favourable circumstances their average life 
may be 60 years, and, on the basis that lock 
entrance gates require a major overhaul 
every 20 years and dry dock gates every 30 
years, it is necessary to cater for recondition- 
ing one pair of gates nearly every year and 
for replacing one pair every third year. 
Fortunately, at the outbreak of war in 1939 
there were practically no arrears of replace- 
ments, and although maintenance overhauls 
could not be undertaken at the desired rate, 
the accumulated arrears after the war called 
for an intensified programme of major 
repairs rather than new gates. A start was 
made in 1948 with the most urgent job, the 
reconditioning of the 60-ft. entrance at 
Victoria Dock, which involved closing the 
entrance for repairs to the sill and quoins 
within cofferdams, in addition to the usual 
kind of work described below on the gates 
themselves. The gates were replaced by the 
end of the year, but owing to difficulties in 
dismantling the cofferdams the works as a 
whole were not completed until the summer 
of 1949, the total cost being nearly £80,000. 

To make possible the repair of sills in the 
dry in lock entrances which, for traffic 
reasons, cannot be closed to shipping for 
long periods, a steel-welded caisson has been 
designed and built at Hull. This consists of 
a chamber 7-ft. square by 7-ft. high in which 
the stone masons work. At the top of the 
chamber an access shaft 3-ft. square is fitted 
with a steel ladder and the whole unit is 
about 26-ft. long. The caisson is carried by 
a lifting barge to the site of operations and 
lowered into the water over a sill requiring 
repair. The water in the chamber is pumped 
out and flexible packing at the bottom makes 
a seal with the bottom of the lock. As the 
top of the access shaft is open, air through- 
out the caisson is at atmospheric pressure 
and no serious discomfort is experienced by 
men working in the chamber. At high water 
the caisson is removed to allow shipping to 
use the lock, and in practice it is found that 
approximately six hours working time on the 


Stone sills is possible for each placing of the 


unit. 

_ The principal items calling for attention 
in the iron and steel gates are the cutting out 
and replacement of defective plating and 
rivets, the renewal of sill timbers and the 
lagging or, in bad cases, the replacement of 


mitre and heel post timbers. In addition, 
there always repairs to platforms and 
bracke refitting of ejectors and pipework, 
and, of course, a complete cleaning down 
Inside ind out with subsequent repainting 
or other treatment for the preservation of 
the ste-iwork. An overhaul of one of the 
larger >>irs of steel gates, weighing perhaps 
150 tor or more per leaf, occupies the con- 
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Repairs to Lock Gates on a Slipway 


centrated attention of a large squad of 
skilled platers, shipwrights and attendant 
trades for three or four months, and may 
cost upwards of £20,000. Such gates are 
usually unstepped with the aid of the 80-ton 
floating crane, floated on their fronts up 
river to the dockyard slipway and hauled up 
above high water level for attention. Some- 
times it may be convenient to place them in 
dry dock, when they are usually placed up- 
right against the altars at the inner end, so 
as to leave room for a ship in case of 
emergency. The smaller timber gates can 
be lifted bodily out of the water by the 80- 
ton floating crane and are then landed 
horizontally on the dockyard quay for 
repair, leaving the slipway and dry docks 
free for other purposes. Since the beginning 
of 1949, six pairs of gates have been com- 
pletely reconditioned. 


Timber Wharves and Jetties. 


Although arrears of maintenance arising 
from the wartime and other conditions 
already referred to were general and wide- 
spread, their effects were perhaps nowhere 
more apparent than in_ the _ serious 
deterioration of many of the timber struc- 
tures, including jetties at the lock entrances, 
piers and wharves, and the oil jetties at Salt 
End. The case of No. 12 Quay at King 
George Dock has already been described, 
and other instances within the docks where 
heavy repairs had become due were the 
dolphins and jetties at the coal and overside 
berths on the north side of King George 
Dock, and the coal hoist and swing bridge 
jetties at the west end of Albert Dock. These 
works were, however, dealt with as part of 
the routine maintenance programme spread 
over several years and do not call for special 
comment. Conditions at the entrance jetties 


were rather different, as being situated in 
tidal waters, subject to repeated damage from 
shipping and more exposed to stress of 
weather, it was necessary to make con- 
centrated efforts to effect thorough overhauls 
of several of the principal structures during 
the limited periods in each year within 
which working conditions were reasonably 
favourable. 

One aspect of these works which may be 
of special interest is the experimental intro- 
duction at some sites of pre-stressed concrete 
decking slabs in place of the orthodox 
timber decking hitherto in use almost every- 
where. Although more expensive in first 
cost, and calling for some ingenuity in fix- 
ing and in adapting to irregular areas, the 
reduction in maintenance costs is expected 
to be considerable, and the preservation of 


‘a safe and uniform surface will be greatly 


simplified. 


Graving Docks. 


Modernisation and improvement has also 
had attention in the case of dry docks and in 
addition to various measures to facilitate 
working and avoid risk of accident to staff. 
particular mention should be made of the 
re-spacing of the keel blocks in No. 2 Dry 
Dock, Alexandra Dock. This work was 
carried out in the summer of 1950 with a 
view to providing for the keel blocks a 
spacing of 4-ft. 6-in. in place of the original 
centre to centre dimension of 6-ft., as being 
more suitable for vessels of modern con- 
struction. The existing keel blocks were 
each seated on individual masonry bedstones 
incorporated in the brickwork of the dock 
invert, but on endeavouring to open up for 
new foundations of similar design, water 
under a considerable hydrostatic head was 
encountered. As the alterations affected the 

















Lock Gate in Dry Dock for repairs. 


whole length of the invert on its centre line, 
it was considered inadvisable to proceed on 
these lines, and an amended design of found- 
ation was prepared on the basis of a 
relatively shallow continuous reinforced 
concrete strip the full length of the dock. 
The tops of the existing stones and the inter- 
vening brickwork was therefore removed in 
intermittent short lengths, reinforcement 
cages placed in position and concrete then 
placed, with a uniform and level top surface. 


After acquiring full strength, further 
intermediate lengths were treated similarly, 
the reinforcement being lapped with the first 
lengths which had been left with appro- 
priate projections beyond the concrete, until 
the whole length of the dock had been 
covered. Finally, the original cast iron 
sectional keel blocks, supplemented by new 
ones of the same pattern to one third of the 
original number, were placed in position at 
the desired spacing. No provision was made 
for fastening the blocks down, so that they 
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may be moved as necessary to suit special 
conditions or removed altogether if desired. 
This work, in spite of delay due to the change 
in design and the need to obtain steel 
specially and make up the reinforcement 
cages, was completed within two months of 
occupation of the dry dock being obtained. 


Fire Precautions. 


The risk of fire in a dock area is a hazard 
that can never be eliminated, but its 
reduction to the lowest possible level is a 
major duty of the undertaking. Since the 
development of the National Fire Service 
during the war and the subsequent retention 
of improved facilities by the county and 
borough authorities’ brigades, the need for 
the dock authority to maintain fully equipped 
local fire brigades has diminished. There is 
still, however, a wide field in which that 
authority can provide valuable services—for 
example, by installing first aid fire fighting 
appliances in buildings and at other focal 
points, in providing a sufficient number of 
hydrants on their network of water mains, 
by the construction where appropriate of 
systems of dry mains with multiple-header 
connections for use by portable pumps taking 
water from the docks and, by no means least, 
by ensuring that tenants of storage sites 
—particularly for oils and timber—lay out 
and operate those areas in accordance with 
recognised safety codes and regulations. 


At Hull the whole of the extensive pitwood 
storage areas have been re-surveyed since 
1949 and laid out afresh where necessary so 
as to afford full access by road for motor 
pumps and standard proportions of clear 
space for fire access lanes and fire breaks. 
In addition more hydrants have been pro- 
vided on existing and extended mains and, 
in certain cases, new dry mains with 
multiple-header units have been installed. 
This work is still in hand and, as a guide to 
the magnitude of the work involved, it might 
be- mentioned that some £13,000 will have 
been expended on completion. 

At Salt End Oil Jetties, which are in- 
accessible to self propelled motor pumps, the 
installation of 6-in. dry mains for the full 




















Caisson constructed for use on masonry sill repairs 1953. 








length of each jetty, with header co nections 
at suitable points for the connectio: of hoses 
and portable pumping applia: es, has 
recently been authorised. This ork jp. 
cludes the provision of porta! + foam 
appliances which can be brought ong the 
jetty approaches in case of need. ally, ir 
this connection a long term progra nme ha 
been approved, in the course of \yhich all 
mains hydrants throughout the dock estate 
will be replaced by or converted to the ney 


British Standard pattern so as to facilitate 
use by the Hull Corporation Fire Brigade’s 
appliances. The first stage was carried oy 
in 1951-2, the second stage is now in hand 
and the third and last stage will follow, 








South Wales 


Ports 


Improvements at Swansea 
and Newport 


The British Transport Commission have 
authorised an improvement scheme for ship. 
ping at Swansea Docks, South Wales Ports, 
at an estimated cost of £700,000. It provides 
for better approach facilities; increased lock- 
ing capacity; and deeper water in dock for 
deep-drafted vessels. 


The works planned include:— 

(a) a new approach jetty outside the King’s 
Deck Lock Entrance to accommodate 
vessels waiting their turn to dock. 

(b) improved swinging facilities at the lock 
entrance py extending the existing river- 
side round-head, with dredging, etc. 

(c) a new pumping system to increase depth 
of water in dock to 33-ft., comprising 
two pumps each of a capacity of 
100,000 gallons a minute; suction and 
discharge culverts; new pumphouse, etc. 


The scheme is expected to be completed 
in about two years 


Swansea’s trade, which includes a large 
oil traffic based on the Oil Refinery at Llan- 
darcy, amounts to over 10 million tons a 
year. 

At Newport authority has been given to 
strengthen the crane track, provide addi- 
tional electrical cables and other works ar- 
cillary to the installation of new 10-ton 
cranes at No. 6 Section, South Quay, Alex- 
andra South Dock. The intention is to pro- 
vide four new cranes of a similar type to 
those at present operating at the Middle 
Quay, South Dock, and to transfer one of 
the six now at that berth to the South Quay. 
thus making two modern ore discharging 
quays both equipped with five cranes. 

Although this scheme is primarily de- 
signed to cater for the increasing imports of 
iron ore resulting from the increased blast 
furnace capacity of the Ebbw Vale Works. 
the cranes installed will be of a type which 
will permit of the berth being used for other 
types of cargo. The estimated cost of this 
new scheme is £150,000. 
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Cathodic Protection of Steel Piled Wharves 


Description of Installations at Lae, New Guinea’ 





By L. T. RYAN, B.Sc. 


Introduction 
HIS paper describes the design, installation and operation 
of a cathodic protection system applied to prevent the 
underwater corrosion of a steel-piled wharf at Lae, New 
Guinea. 

This wharf is one of a number of steel-piled wharves that have 
been built or are under construction by the Department of Works 
in Australian tropical waters. The problem of protecting these 
wharves has been given considerable attention, and numerous tests 
on marine anti-corrosive coatings have been conducted by the 
Department’s Central Laboratory during the past five years. 

These investigations showed that, while some coatings afford 
good protection above the water level, no coating tested would 
have a useful life much in excess of three years below the water 
level. 

As preliminary investigations of cathodic protection confirmed 
the overseas reports that this process was an effective method of 
preventing underwater corrosion, it was decided to adopt it at Lae. 
If successful and economical the process would then be applied 
to the other steel-piled wharves. 


Mechanism of Corrosion 


The mechanism of corrosion has been fully described in nume- 
rous papers‘!.2) and consequently only a brief outline will be given 
here to assist readers unfamiliar with the theory, to understand 
the following sections. 

The corrosion of all metals is electro-chemical in character in 
that it is caused by differences in solution potential over the sur- 
face of the metal when it is immersed in a conducting medium. 
Under the influence of these solution potential differences, current 
leaves the anodic areas (those with the more negative solution 
potential), flows through the medium to the cathodic areas, and 
returns to the anodic areas through the metal. This current flows 
continuously and the metal dissolves at the anode in an amount 
proportional to the current flowing. Fig. | illustrates diagram- 
matically the various reactions that take place in the corrosion of 
iron or steel. 

Iron enters solution at the anode releasing electrons and form- 
ing ferrous ions which combine with hydroxyl ions to form a pre- 
cipitation of rust. The electrons flow through the iron to the 
cathode where they discharge an equivalent amount of hydrogen 
ions from the solution. 

The magnitude of the solution potential differences and the 
conductivity of the medium, determine the initial corrosion rate. 
However, this rate is soon controlled by other factors, the prin- 
cipal one being the availability of dissolved oxygen to the cathodic 
areas. In neutral or alkaline solutions an appreciable potential 
is required for the discharge of hydrogen ions and the corrosion 
cell soon becomes polarized by a film of hydrogen at the cathode 
resulting in a reduced corrosion rate. Oxygen dissolved in the 
water can, however, remove the polarising film of hydrogen by the 
following reaction: 

2H+ + O, + 4e —> 20H— 

It will be seen that the depolarizing action of the oxygen at the 
cathode results in an increase in the alkalinity of the water in 
these areas. The dissolved oxygen does not remove all the catho- 

¢ polarization and hence corrosion continues at a reduced rate. 

_ The so-called bacterial corrosion is similar in action to oxygen 

C-polarization. These bacteria remove hydrogen ions from the 
hodic surfaces during their reduction of the sulphate ions pre- 
(in the water. This reaction is thought to be as follows:— 


—_—__ —__——__> 
SO,— + 2H, + 2e (Vibrio desulfricans) S + 40H— 





is paper originated in the Melbourne Division of The Institution of 
gineers, Australia, and is reproduced by kind permission. 

ie author is Officer in Charge, Centrzl Testing Laboratory, Department 
Works, Commonwealth of Australia. 


The deposition of the products of corrosion near the anodic 
areas also reduces the corrosion rate by increasing the internal 
resistance of the corrosion cell. A high alkalinity of the water 
also reduces the corrosion rate by hindering the oxygen depolari- 
zing reaction. 

Various factors can cause the development of these corrosion 
potentials over the surface of the metal. The most common cause 
is the heterogeneous composition of most metals—this is the reason 
why cast and wrought iron corrode less than mild steel. Other 
causes are the presence of mill scale, differences in dissolved oxy- 
gen content of the medium, and non-uniform stresses in the metal. 
Mill scale is cathodic to the rest of the metal, faces of metallic 
crystals are cathodic to edges, and metal grains of lower carbon 
content are cathodic to those of higher carbon content. In corro- 
sion caused by differing dissolved-oxygen content (differential 
aeration corrosion) the cathodic areas are those in the high dis- 
solved oxygen zone. Corrosion potentials of up to 0.2 voit are 
developed in mild steel due to its heterogeneous character. 

If corrosion is due to differences in dissolved oxygen concen- 
tration, it is usually in distinct zones. If, however, it is due to 
the heterogeneous composition of the metal, the anodic and 
cathodic areas will be close together and the corrosion will appear 
to be more or less uniform. 


Direction of Current Flow. 
Direction of Electron Flow. 
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Fig. 1. Electrochemical Mechanism of Corrosion. 


Mechanism of Cathodic Protection 


When iron corrodes, the cathodic areas become polarized by 
the corroding current. The polarization potential acts in opposi- 
tion to the corrosion potentials and corrosion is therefore reduced. 
However, the polarization potential never becomes equal to the 
corrosion potential, particularly in the presence of dissolved oxy- 
gen which depolarizes the cathode. In cathodic protection the 
current necessary to maintain the polarization potential equal to 
or greater than the corrosion potential is supplied from some ex- 
ternal source. Consequently, no electron flow occurs between the 
local anodes and cathodes, and corrosion ceases. This is illus- 
trated in Fig. 2. 

If auxiliary galvanic anodes, such as zinc, aluminium or mag- 
nesium, are immersed in the medium and connected to the struc- 
ture, they will supply a polarizing current by virtue of their high 
anodic solution potentials. | Magnesium, the metal most com- 
monly used for this type of anode, is the most anodic and has a 
solution potential about 1 volt more negative than steel. 
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Cathodic Protection of Steel Piled Wharves—continued 
Scrap iron or steel can be used for these auxiliary anodes, and This process has the disadvantage that the anodes, rectifi. 5 ang 
although they nave to be connected to an external source of direct wiring have to be designed to operate at the high initial « ;rent, 
current, they are more efficient than galvanic anodes except per- With magnesium anodes this has been provided for by the se of 
haps in small installations or where electric power is not available. “booster” plates or ribbons in conjunction with the o inary 
Both magnesium and steel anodes are consumed by the passage of anodes. These “ boosters ‘8 have a large surface area to > lume 
polarizing current approximately at the rate of one pound of metal ratio and can therefore deliver a high current for a short riod, 
for every 500 ampere-hours. Anodes of graphite can be used and ‘ : 2 
they have a theoretically infinite life if they are used below a given a Design of Installation for Lae Wharf 
current rating. This rating is fairly small (approx. 1 amp. per sq. (1) Description of Wharf: 
ft. of anode surface) and generally a greater number of graphite This wharf was constructed in 1949 from 11-in. I.D. ste: piles 
anodes is required. If the life cf graphite anodes is proved in with a 5/16-in. wall thickness and had a timber deck lai on a 
practice to be sufficiently long, this may compensate for the larger system of steel stringers and headstocks. The joints betwee: head. 
number required. Graphite anodes also need an external source stocks and piles and between stcingers and headstocks were \ elded, 
of direct current. resulting in a complete metallic connection above water between 
The potential of the steel structure with respect to some stan- all piles. : =~ 
dard reference electrode is the usual method of assessing the de- The site of the wharf was on a | in 3 slope about one mile from 
gree of protection achieved by the current. It has been shown?) the mouth of Markham River. The effective underwater area of 
© o~ 
Cc 
py S) Ta’? 
I i } © t b © 
i. J 1 ol i 
Ue a ay ©- (e i ©- 
a = | = __ = = = 
Anode Cothode Anode Cathode External Anode Cathode External 
-O-75V -O3SV -O-7SV -O:'75V Anode -0-78V. —0-78V Anode 
ov.-O SS V. 
q _) 4 y, \ - 
Without Cathodic Protection. With Just Sutticient Cathodic Protection. With “over” Cathodic Protection. 
Electrons entering anode surtoce No electrons entering anode surface Electrons leaving anode surface. 
Years 
that in sea water and in most soils, if the steel has been polarized P . : 3 
to a value more negative than —0.78 volt with respect to a satu... , eve). Showles 
rated calomel electrode, protection is complete. Unprotected steel . all o ‘ota ch Motigpien : 
in sea water has a potential of approximately —0.55 volt with res- [OY *0fential “ihanges on 
pect to a saturated calomel electrode (which will be taken as C@thodic Surfaces affect 
standard for the purpose of this paper). (For clarity in future Electron Flow. § 
references to changes in the arithmetical values of the potentials, s 
the negative sign will be omitted). 5 
The current density necessary to achieve the protective poten- _ ; é 
tial is primarily dependent on the local depolarizing conditions. Fig. 3 (right). | Current- , ? 
This is influenced by— Time Relationship for a § 
(a) The dissolved oxygen concentration of the water. 150-Ib. Hemispherical Mag- 
(b) The velocity of the water. nesium Anode. 
(c) The presence of any barrier such as rust film or marine growth _o = a 


which may hinder the depolarizing action. 

Sand blasted steel under normal exposure conditions requires 
a current density of about 10 mA per sq. ft. for protection, but it 
may be reduced to 7 mA per sq. ft. after about one year. Rusty 
steel requires about 8 mA per sq. ft. which can be reduced to 6 mA 
per sq. ft. after a year. 

There is a special process applicable to cathodic protection in 
sea water that has been patented by Col. G. C. Cox‘4). This pro- 
cess was described by Humble‘>) who has shown that if a current 
density of 50 mA per sq. ft. is applied for 5 days a current density 
of 3mA per sq. ft. will be sufficient for protection thereafter. This 
results in a considerable saving of power and anodes (if they are 
sacrificial), over an extended period. 

During the high current density period a deposit consisting 
mainly of calcium carbonate and magnesium hydroxide is formed 
on the metal surface. This deposit by acting as a physical barrier 
to the depolarizing action of the dissolved oxygen reduces the cur- 
rent density necessary to maintain a given degree of polarization. 

The calcareous deposit is precipitated from the sea water by the 
action of the hydroxide ions formed during the period of the high 
initial treatment and its resolution is prevented by the mainten- 
ance current. If the current is switched off the coating will slowly 
dissolve. 


Time in Days 


the wharf was 17,500 sq. ft. (The area below the mud line was 
assumed to receive only 60 per cent. of the current density of 
the remaining underwater area.) 

Before being driven, the piles were given a thin application of 
a hot tar coating. After a period of four years, this coating had 
deteriorated badly and considerable corrosion had occurred. The 
corrosion was particularly severe on the approach piles where 
there were numerous rust pits up to 3/16-in. deep. The fresh 
water from the Markham River at times forms a 2- or 3-ft. layer 
over the sea water around the wharf and this factor probably 
accounts for the unusually severe corrosion. 

The temperature of the water at Lae Wharf is approximately 
80°F. throughout the year. 


(2) Selection of Type of Anodes: 

The possibility of using magnesium anodes to supply the pro- 
tective current was examined first because of the apparent sim- 
plicity of their application. 

If the piles were given a pre-treatment with a high current den- 
sity, a maintenance current density of 6mA per sq. ft. would 
require a total of 105 amp. for the wharf. The magnesium 
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anodes considered for use were 150-lb. hemispherical anodes, 
capable of delivering a current of 4 amp. initially, decreasing to 
2.5 amp. in two years and to zero in three years. 

The current outputs of the anodes were calculated from the 
following two equations which were derived from theoretical con- 
siderations and verified by experiments with scale models.-—— 


GB —@$pApA AA beececeesccccrcesccccecerceccccescsees (1) 
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current in amp. at time ¢ days 
radius of hemisphere in metres at time ¢ days 
radius of hemisphere in metres when t = 0 
= 0.26 

resistance of anode lead in ohms = 0.2 ohm 
conductivity of sea water = 4 ohm metres 
net driving voltage = 0.7 volt 
ampere-days available per cubic metre of magnesium 

= 84,500 
Substituting these values in the two equations, we obtain 
17.6 x 


where i 


AIH > 
Howat 


i ———_-——- amp. 
1+ 05x 
t = 1110 — (5050x° + 15100x*) days 


The graph in Fig. 3 shows the current-time relationship for a 
150-lb. magnesium anode, calculated from the above expressions. 
It is apparent from this graph that unless the system is complicated 
by the use of a variable resistance in each anode lead, these anodes 
would deliver a minimum current of only 2.5 amp. for a period of 
two years. Therefore, 42 such anodes would be necessary to give 
the wharf the required protective current of 105 amp. The cost 
of the magnesium anodes (installed) was estimated to be £70 each, 
and therefore, such a system would cost £2,940 installed, or £1,470 
per year, compared with an estimated annual cost of £240 for a 
steel anode rectifier system, the initial cost of which was estimated 
to be £2,500. 

Magnesium anodes were rejected in favour of scrap steel anodes 
on account of the relative costs and because the latter system was 
considered to have the following additional advantages: 


(1) The application of the initial treatment at the high current 
density was more convenient. 

(2) The anode currents could be adjusted to any desired value by 
the use of a variable transformer in the rectifier. 

The use of graphite anodes was rejected because 

(1) Their operating characteristics were not sufficiently well 
known, particularly in regard to the life of their connections. 

(2) The difficulty of applying the high initial current with an 
anode system designed for operation at the reduced mainten- 
ance current. 
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Fig. 5. Current Density Con- 
tours from Model (20 Anodes). 
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(3) Experiments using Scale Models: 


A survey of the available literature on cathodic protection 
showed that while there was sufficient information published on 
the design of protective systems for buried pipelines, its application 
to marine structures was not so fully treated. Consequently, a 
136 : 1 scale model of the Lae Wharf was constructed with the 
intention of using it to obtain information on two main points, viz.: 
(1) The minimum number of anodes, and the manner of distri- 

bution under the wharf to give a reasonably uniform current 
density to the piles. 

(2) The voltages necessary to give average current densities of 60 
and 6 mA per sq. ft. (It was hoped that with this average cur- 
rent density, no piles would receive a current density less than 
50 and 5 mA per sq. ft.). 









































v 
° 
\ 
& 
Ww 
~ 
E 
2 
o 
OU Fy 4 
5 | 
” 
507s Faw POTENTIAL 
> e™, 
3 0:7 
Ses / 
c 
= 
re 7 
os 
40 80 1/20 
Time in Days. 
Graph !l. SOmA/sgitt. for Sdays then S5mA/sq.ft. 
- sf» » ° «fa « ~ a i 
” = ” o ” . ” o ° p ” 
- 4 ” . ” oo - - 7 - 
£ ” ~ - ~ - ” eo 1/0 
Fig. 7. Potential-Time Curves for Test Panels at Point Cook. 


The model wharf was constructed with piles made from 10 G 
mild steel wire passed through a deck of }-in. ebonite insulating 
board. The piles were connected to a bus bar system of 10 G 
copper wire by small lengths of flexible wire soldered to the tops 
of the piles. As the lower ends of the piles were not placed in 
mud, their lengths were correspondingly reduced. 

The anode distribution that was first tried was derived from 
considerations of the best geometrical distribution. The model 
anodes were made from pieces of 16 G wire covered with plastic 
tubing, leaving a length of 0.16-in. of the lower end of each anode 
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= “a Fig. 6. Current Density, n- 
tours from Model Tests (22 
Anodes) . 





bare in order to give a ratio of anode area to total pile area of 
1 : 200. This is the ratio recommended for magnesium anodes, 
and in the absence of any other information this was accepted for 
the steel anodes. Fig. 4 shows the details of the construction of 
the model. 

The wharf model was placed in a watertight wooden box which 
was filled with water having a conductivity 1/136 of that of sea 
water. A current corresponding to a current density of 60 mA 
per sq. ft. was applied to the wharf and the following measure- 
ments taken:— 

(1) Applied voltage. 
(2) Currents to individual piles. 
(3) Currents from individual anodes. 

The last two measurements were made by the use of a zero 
resistance ammeter circuit in which the voltage drops in the mea- 
suring meter leads were compensated by the application of an 
equal external potential. 


(4) Verification of Model Techniques: 


Before the work on the wharf model was commenced, the 
validity of this technique was checked and found to be correct. 
Six “ piles” of 14-in. dia. black iron pipe were fixed to a jetty at 
Point Cook, Victoria. These piles were spaced at various inter- 
vals of up to 60-ft. from a centrally placed anode. Various vol- 
tages were applied and the resulting current densities were com- 
pared with those obtained with a 62.5 : 1 scale model in the 
laboratory. A comparison of the readings given on Table 1 shows 
the good agreement obtained. 


TABLE I 


Current density—mA/sq. ft. 


Applied voltage (full scale) (model) 
2 75 74 
4 150 156 
6 231 234 
8 308 322 





(5) Results of Model Tests: 


The original anode system tested consisted of 20 anodes and 
gave a fairly even current distribution. However, a considerable 
number of piles on the ends and the middle of the wharf received 
less than 45 mA per sq. ft. These results are shown on Fig. 5 
on which the current density contours are plotted. 

The number of anodes was then increased to 22 and regrouped 
as shown on Fig. 6. This resulted in some increase in the current 
density to the piles in the middle, but had little effect on those at 
the ends of the wharf. However, as it was considered that the 
current density would become more nearly uniform with time, 
this anode distribution was accepted. 

The model tests indicated that a net voltage of 4.2 volts would 
be required to give an average current density of 60 mA per sq. ft. 
to an unpolarized wharf. The voltage drops in the cables «nd 
wharf for the full-scale installation were calculated and amounted 
to a total of one volt with the cables to be used. This, together 
with an allowance for polarization of the wharf, increases the 
required voltage 5.5. 
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Cathodic Protection of Steel Piled Wharves—continued 


(6) Magnitude of Pre-treatment and Maintenance Currents: 


Humble‘ has asserted that if a pre-treatment current density 
of 50 mA per sq. ft. were applied to steel in sea water for five days, 
a current density of 3 mA per sq. ft. would be sufficient thereafter. 

Experiments conducted here showed that this was not always 
the case. One-foot square steel panels immersed in the sea at 
Point Cook, Victoria, were given a current density of 50 mA per 
sq. ft. for five days. At the end of this period a current density 
of 5 mA per sq. ft. was insufficient to maintain the panels at the 
protective potential (see graph in Fig. 7). 


7/104 Copper Cable. 
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Fig. 9. Anode Connection after 8 month’s Test. 


‘lowever, if the pre-treatment period was extended to 14 days 


protection could be maintained with a current density of 5 mA per 


I 
1 


(t. These tests were carried out on a jetty that was subjected 
yme rather rough seas, and this is the probable cause of the 
‘tively high current density required for protection. The 
cughs on the potential time graphs in Fig. 7 corresponded to 
ds of rough seas and the peaks corresponded to periods of 
ively calm seas. 
order to ensure that the Lae wharf would receive adequate 
reatment, it was decided to apply an average current density 


of 60 mA per sq. ft. (1,050 amp. total current) for 14 days and then 
reduce it to 6 mA per sq. ft. 

The potential of the wharf after this reduction would indicate 
— reductions in the maintenance current density were pos- 
sible. 


(7) Anode Cable Connection: 

The remainder of the experimental work dealt mainly with the 
development of a suitable anode connection. The problem here 
was to ensure that the connection would not be destroyed by:— 

(a) The electro-chemical action eating the anode away from 
around the point of connection. 

(b) The breaking of the copper cable by flexing due to wave 
action. 

(c) Electro-chemical attack of the copper cable through pinholes 
in the insulation. 

Fig. 8 shows the details of the type of connection finally adopted 
and Fig. 9 shows how such a connection allows all of the anode to 
be consumed. These experiments also indicated that in an un- 
disturbed anode about half of the iron enters solution in the ferrous 
state, which results in a consumption of one pound of iron for 
every 500 amp.-hours 


REFERENCES 
1. “Corrosion of Metals,” W. J. J. Vernon—J. Royal Soc. of Arts, 1st 
July, 1949. 
2. Corrosion Handbook, H. H. Uhlig—John Wiley, New York, pp. 3-11. 
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5. “Cathodic Protection of Steel Piling in Sea Water,” R. A. Humble— 


Corrosion, Sept., 1949. 
(To be continued) 








Modern New York Pier 57 


Interesting Method of Construction 


(Specially Contributed) 


The new Pier 57 in New York, which was opened formally last 
December contains a number of unique features. It replaces one 
which was built some 50 years ago and which was destroyed by 
fire in 1947. In the rebuilding, ihe load carrying capacity of the 
main deck has been increased from 500 to 650 pounds per square 
foct, and that of the second deck from 250 to 400 pounds per 
square foot. It was obviously desirable to utilise the roof deck for 
storing cargo and this imposed an increased load requirement. 

Eliminating traffic congestion in front of the pier dictated the 
installation of a truck ramp to the second deck. This, in turn, re- 
quired a reduction in the number of interior columns as compared 
to those found in other-piers. In place of a centre row of columns 
and the rows of columns at the side walls all spaced 20-ft. apart in 
the long direction of the pier, there are no columns in the centre 
and none at the exterior walls. Instead, there are only two 
columns in the width of the building, spaced 80-ft. apart. In the 
long direction they are spaced 40-ft. apart instead of the usual 
20-ft. spacing. 

The increase in load carrying capacity of the pier, and the re- 
duction in the number of columns, made it impossible to utilise the 
timber piles of the old pier for supporting the new structure. As a 
result of the fire, these had been burned from the deck level to the 
water line. They were, however, so firmly embedded in the soil that 
it required 12 hours to extract one with the heaviest floating equip- 
ment available in the harbour. This one pile was extracted in 
crder to examine the quality of the timber after it had been em- 
bedded in the river bottom for some 50 years. It was found to be 
in perfect condition. Even if it were possible to extract the piles, 
and there are 3,000 of them, this operation would so disturb the 
soil that only a very small fraction of its original supporting power 
would remain; not nearly sufficient to support even the lightest 
type of pier structure. For this reason, and because it was desired 
that the new pier be resistant to destruction by fires and possible 
future attack by marine borers, the buoyant type of reinforced con- 














crete substructure was adopted. The cost of this compared favour- 
ably with the estimated costs of all other types. 

An interesting feature of this scheme is the fact that the buoyant 
force of the water supports approximately 80 per cent. of the dead 
load of the superstructure. Consequently, it was possible to utilise 
the piles of the old pier by cutting them off below the bottoms of 
the substructure, and even though the loaded weight of the new 
structure is over three times that of the old one, the load carried 
by these piles is now less than they previously supported. 

The idea for this scheme was derived from the Phoenix Break- 
waters, the code name for the floating concrete units which were 
used in the Normandy invasion during the last war. 


Load Factors. 

The following table gives a comparison of the capacities of this 
structure with those of other conventional types of piers and also 
that of old Pier 57. 





Type Useful area Volume Total Load 
sq ft. cu. ft. Capacity - tons 
Concrete box 
substructure 546,900 9,340,000 97,400 
Conventional type 
substructure 435,400 6,580,000 87,000 
215,500 4,650,000 46,200 


Old Pier No. 57 








Instead of utilising only two decks—one at street level and one 
above—four decks are available; the roof above the second storey, 
the second deck, the street level deck, and the basement or floor 
of the substructure. It is to be noted from the above table that 
the useful floor area of old Pier 57 was only 40 per cent., the 
volume 55 per cent. and the load capacity 48 per cent. of the new 

ier. 

. The improvement in the layout and arrangement of the various 
decks is worthy of particular note. Trucks and trailers enter the 
structure directly from the street, and may unload both in the 
bulkhead structure and in the finger pier at street level. They may 
also reach the second deck directly by ramp. Large elevators 
permit pieces of cargo and loaded trucks and trailers to reach all 
four levels of the pier. 

Passenger cars, taxicabs and small trucks enter the basement of 
the bulkhead structure directly by a ramp from the street, dis- 
charge their passengers and cargo and then return to the street 
level by a ramp at the opposite end. Passengers and cargo reach 
the upper decks by means of stairs, escalators and elevators, and 
luggage by means of inclined baggage lifts. 

Constructed basically in the form of a “ T,” the stem, or two- 
storey shed portion of the pier, is 725-ft. long and 150-ft. wide. The 
cap of the “T,” or the front section parallel with the street, is 
373-ft. wide and 125-ft. deep. The centre portion is 66-ft. high, 
with side “ wings ” 46-ft. high. This section provides administra- 
tive offices and reception rooms for passengers. 

An unusual feature is the 15-ft. apron around the entire shed 
portion of the pier in contrast with the usual 5-ft. apron, to facili- 
tate the loading and unloading of ships. Steel doors on both the 
main and second decks will allow the opening of the whole length 
of the pier. Berths 235-ft. wide with a depth of water to 35-ft. 
at mean low tide are available at each side of the pier. The pier 
has a total of 470,000 sq. ft. of useable area, including storage space 
in the substructure boxes below water. 


Design of Shed Doors. 

The shed doors are of a new design and are considered to be an 
improvement on the jack knife type now in general use. They are 
a set of 126 doors covering 45,360 sq. ft., and tests have shown 
that each of the 2,400-pound openings, consisting of 4,600-pound 
leaves, can be raised by pier personnel with no more effort than 
necessary to lift a 25- to 35-pound package in less than 45 seconds. 
The construction of the pier on pre-cast concrete boxes sunk into 
the river rather than on wooden piles allowed the architects to 
raise the facia plate directly above the doors from the conventional 
4-ft. to roughly 8-ft., thus providing more headroom in which to 
store the raised door leaves. 

The additional headroom enabled the designers to apply an en- 
tirely new concept to the construction of pier doors. Generally, the 
several leaves of a pier door are lifted vertically to the top of the 
opening and then turned over horizontally to rest flat against the 
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ceiling. The disadvantage of this type of door lies in ti 
of storage space the one-behind-the-other arrangement 


Waste 
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necessary, and the complicated mechanical phases involved .n slid. 


ing the leaves together vertically and then balancing th« 
into a horizontal position. 

The four sections of the new doors are set up vertically at q 
slight angle. Each suspended by a counterweight, they slice up to 
the headroom in synchronised speeds and stack compactly in 4 
total area of 4-ft. by 6-ft. The new design has the advaniage of 
single-direction, movement, light and rapid opening speed, reduced 
friction between parts, greater safety and smaller maintenance 
costs. A special 18,000-pound capacity safety chain prevents the 
600-pound leaf from falling if counterweight chains should break. 
The lower floor of the pier uses 62, the upper 64 of these doors. 


The Substructure. 

While the superstructure is probably the most modern of its 
kind, the substructure seems to have aroused more interest. This 
consists of three separate concrete boxes, each weighing approxi- 
mately 25,000 tons. These boxes were constructed at West Haver- 
straw, 38 miles up-river from New York, and upon completion, 
towed to the pier site and submerged over the old piles, which had 
previously been cut off below water at the level of the underside 
of the boxes. The superstructure was then constructed, and the 
water which had been introduced into the boxes to submerge them 
was pumped out in amounts equal to that of the added weight of 
the building. Although these boxes are subject to water pressures 
as great as over 2,000 pounds per sq. ft., they remain dry. The 
85,000 sq. ft. of space in this basement will be extremely useful. 
and it was obtained at practically no extra cost. This space will 
be heated and ventilated and should be ideal for the storage of 
perishable foods. 

The fendering system of the pier consists of over 400 greenheart 
piles and the chocks and wales were also of 12-in. x 12-in. green- 
heart. The piles were backed by large rubber blocks designed to 
cushion the blow of vessels against the pier. 

The terminal was built under a joint contract between Merritt 
Chapman and Scott and the Corbetta Construction Co., both of 
New York. The greenheart piling was imported from British New 
eg the shippers being Greenheart (Demerara) Inc.. New 

ork. 


1 OVer 








Obituary 


Mr. W. A. Foulis 

We regret to record the death, at the age of 81, of Mr. W. A. 
Foulis, A.M.I.C.E., who gave many years’ valuable service as an 
engineer at the port cf Newcastle-upon-Tyne. 

Mr. Foulis was educated at Edinburgh Institution (now Mel- 
ville College) and was articled to Messrs. Carter and Penman, 
Civil Engineers. Edinburgh, from 1890 to 1894, when he obtained 
a position as Assistant Resident Engineer to the Clyde Navigation 
Trust where he was engaged principally on a new graving dock 
at Govan. 

In 1896 he was appointed as an Assistant Engineer to the Tyne 
Improvement Commission and in 1911 was appointed Assistant 
Resident Engineer at Albert Edward Dock where he served until 
his appointment as Chief Assistant Engineer in 1915. 

During the war years, and following his retirement, Mr. Foulis 
gave the Commissioners the benefit of his experience until 1942. 

Mr. Foulis contributed a Paper to the Newcastle-upon-Tyne 
Association of the Institution of Civil Engineers on the Con- 
struction of Recent Improvements to the North and South Shields 
Ferries, for which work he was largely responsible. 








Estimate for St. Lawrence Lock Accepted. 

An estimate of 6,470,000 dollars (£2,310,000) for the rebuilding 
of a canal and lock at Iroquois, Ontario, on the International 
Rapids Section of the St. Lawrence River has been accepted by 
the St. Lawrence Seaway Authority. This bid was made jointly 
by two Montreal firms. The lock, which will be one of the most 
important on the St. Lawrence Seaway, will be 768-ft. long and 
80-ft. wide, and will have a depth of 39-ft. with an approach chan- 
nel depth at both ends of 27-ft. 
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Shore-based Radar for Harbour Piloting 


Experimental Installation at the Port of New York 


By ROBERT F. MATTHES 


NE of the most notable advances in the seafaring pro- 

tession was the adaptation of shipboard radar from war- 

time to peacetime use. Simple-to-use commercial radar 

sets quickly became standard equipment on most merchant 
ships, giving mariners the means of “ seeing” through fog. The 
electronic wonder of the war became a boon to the safety of peace- 
time shipping. 

Radar is, in effect, an electronic searchlight that uses unseen 
radio waves as its beams. A rotating antenna, called the scanner, 
sends out these waves in extremely short pulses. Whenever these 
pulses strike an object in their path, they “ bounce” back to the 
scanner and cause the radar receiving equipment to produce blobs 
of light, or “ pips,” on a “scope” similar to a television screen. 
This scope, called 2 “ plan position indicator,” presents a chart- 
like picture of the area and is calibrated to indicate the bearing and 
distance of the object from the ship. 

The use of radar has done much to reduce hazards and delays to 
ships underway by providing advance warning of impending dan- 
ger situations. Thus, in a fog, the radar scope will indicate the 
presence of an approaching vessel long before its whistle can be 
heard, and will allow the watch officer time to make any course 
change necessary to avert collision. Similarly, a ship navigating 
along the coast can “ see” the shoreline as far as fifty miles away. 
and not have to rely solely on soundings, RDF bearings, or audible 
signals. 

The successful application of radar in the Ground Controlled 
Approach systems at many airports throughout the world gave 
impetus to thoughts of using radar in a similar manner to assist 
ships entering harbours during foggy weather. The ports of 
Liverpool, England, and Long Beach, California, established ex- 
perimental shore-based radar stations during 1948-1949. Their 
success with the development and use of this equipment aroused 


interest in the Port of New York in the establishment of a harbour 
radar system there. 

Interest was aroused not primarily because of the frequency of 
fog, but rather because the large volume of ship traffic in the port 
made even the comparatively few days of poor visibility a costly 
affair to commercial shipping. Delays in ship arrivals and de- 
partures caused by low visibility were estimated to cost steamship 
operators an average of half-a-million dollars a year in out-of- 
pocket expenses alone. 

The danger of groundings and collisions during fog caused even 
greater concern in a busy harbour like New York than that over 
delays. On January 15, 1953, for example, within a two-hour 
period of dense fog, a tanker went aground outside Ambrose 
Channel, one freighter collided with another anchored in the 
Upper Bay, and a Staten Island ferry was rammed by a freighter 
just off Governor’s Island. Added to the losses caused by delays, 
these hazards made a strong argument for the need for corrective 
action by New York harbour authorities. 

The big question of whether a shore-based radar might elimi- 
nate these delays and hazards could be answered only by testing 
such a system. Accordingly, on February 9, 1951, the Commis- 
sioners of The Pert of New York Authority authorised an experi- 
mental project to determine the economic and technical feasibility 
of a shore-based radar system in New York Harbour. 


Operating Plan. 

The experimental shore-based radar station, designated the 
Harbour Radar Information Centre, or HRIC, followed the basic 
plan of the Liverpool and Long Beach systems. The radar equip- 
ment was installed at a location ashore where good serveillance 
of the entire harbour and sea approaches was possible. The sta- 
tion equipment consisted of rotating scanners mounted on towers, 
associated scopes, a two-way radio-telephone base station, port- 








dour Radar Information Centre at Fort Wadsworth, Staten Island. 


view to the southern tip of Manhattan. 





The radar scanners, 200-ft. above the water, have an unobstructed 
The New York skyline can be seen at the upper right of the picture. 
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able two-way radios for use by the pilots, and a control room to 
house the equipment and operating personnel. 

No single site was capable of giving radar coverage to the entire 
port area unless the scanners were mounted on towers of un- 
reasonable height, so it was decided 10 concentrate efforts on the 
main channel from Ambrose Lightship to the southern tip of 
Manhattan, where the bulk of the deep sea traffic moved. Through 
the co-operation of the Departments of Army and Navy, the sta- 
tion was set up at Fort Wadsworth, Staten Island. This site, about 
200-ft. above the water, overlooks the Narrows with a clear view 
both to Ambrose Lightship, fourteen miles to sea, and to the 
Battery, six miles to the north. 

The original radar equipment used in the experiment was of the 
standard shipboard type. The Sperry Gyroscope Company pro- 
vided a radar operating on a 3-centimetre wave length while the 
Raytheon Manufacturing Company provided one operating on a 
3-centimetre and another on a 10-centimetre wave length. The 
original two-way radio-telephone communication system consisted 
of a base station at Fort Wadsworth and portable transmitter- 
receivers for shipboard personnel, all operating on one frequency 
in the maritime mobile band. 

The original operating plan required two operators at the radar 
station. One operator followed the pip of the target vessel and 
called out ranges and bearings to the second man, who main- 
tained a plot on a harbour chart. The second operator relayed 
pertinent information, by radio-telephone, to a third staff member 
aboard the target ship. This method soon proved to be subject 
to many delays and errors and was uneconomical in personal re- 
quiremenis. The radar manufacturers quickly developed plotting 
devices which fitted over the radar scopes. These enabled one 
operator to track the pip of a moving vessel with a china-marking 
pencil and transmit information to the target ship almost instan- 
taneously while he observed the activity on the scope. 

During the early phases of the experiment, the operators learned 
that the standard shipboard radars lacked the precision required 
for longer ranges, for locating ships within the channels, and for 
distinguishing individual vessels in heavily congested areas. The 
radar manufacturers soon developed specially-designed narrow- 
beam scanners and off-centring controls which improved the pre- 
cision and doubled the effective working scales on the scopes. 
These radars proved to be quite adequate for harbour use. 

Radio-telephone communications were also improved when a 
second frequency in the maritime mobile band was obtained from 
the Federal Communications Commission. A remote receiver 
was installed on Grymes Hill, Staten Island, 400-ft. above sea 
level, and two miles north-west of Fort Wadsworth. Thereafter, 
one frequency was assigned for transmitting information from the 
base station to the ships and the second for return transmissions. 
All transmissions were frequency modulated. 


Test Runs. 


Initial tests were carried out with the Sperry Gyroscope Com- 
pany’s “ Wanderer” and tugs of the Moran Towing and Trans- 
portation Company. Following these, the HRIC staff conducted 
* irve-run ” exercises with single ocean-going vessels, using simu- 
lated low-visibility conditions. On these runs, a radar staff mem- 
ber with one of the portable two-way radios boarded an out- 
bound merchant ship at her pier and established radio-telephone 
communication with the radar centre. As the ship got under way, 
he reported his position to the centre to assist the radar operator 
in identifying his ship as a target on the radar scope. The radar 
operator then tracked the vessel and periodically transmitted to 
the man afloat information of the target’s location with respect 
to channel buoys and nearby ships. The staff man on the bridge 
relayed this information to the pilot and requested from the 
centre whatever additional information the pilot desired. On the 
recommendation of the pilots, the routine transmissions were res- 
tricted to brief essential information, giving first, the traffic ahead, 
then position relative to buoys or other known points, and finally, 
location in the channel width. When the pilot disembarked at 
the pilot station, the staff member went with him and awaited 
an inbound vessel for a return trip into the harbour. 

At all times it was clearly understood that the information 
from the radar centre was of an advisory nature only. Since the 


vessel’s safety is the responsibility of the master and t, the 
radar information was used or not as they saw fit. T.. jis the 
principle under which the installations at Liverpool ; Long 
Beach are operated. ° 
Operational Experiences. 

New York’s experimental Harbour Radar Informatio: Centre 
was in operation from May 9, 1951, to July 3, 1952, for « »proxi- 
mately 2,500 hours of actual use. During that time, staff 
made 243 live runs aboard commercial deep sea ships in ; dition 


to numerous tests aboard the Sperry “ Wanderer,” Mori tugs, 
and government vessels. 








A “lh, 





Radar operator tracking the passage of a ship through New York 
Harbour. 


As staff members gained practical operational experience with 
the radar equipment, they developed their skill to the point where 
they could observe, plot, and announce the movements of about 
six separate moving targets in one area in addition to the vessel 
with which they were in contact. The operator could keep the 
pilot informed of all moving traffic one or two miles ahead, except 
when the ship was passing through heavy congestion in the Upper 
Bay. Experience in New York showed that at a scale of four 
inches to the mile on the scope, the direction of a vessel’s move- 
ment was readily observed in one sweep of the scanner; and at 
distances up to three miles, ranges to buoys could be read to 
within fifty yards. At two inches to the mile, up to a distance of 
five miles, range readings were possible to within one hundred 
yards. At the maximum required working range of fourteen miles 
(Ambrose Lightship), with the scale set at one inch to the mile, 
readings to reference buoys could be made to within one hundred 
fifty to two hundred yards. This made it possible to determine 
a vessel’s position to within about one-quarter of the width of 
Ambrose Channel throughout its entire length, and was sufficient 
to enable an operator to determine if two ships in the 2,000-ft. 
wide channel would pass each other safely. 

The experimental radars were capable of tracking any vessel 
of towboat size or larger to the maximum working range of four- 
teen miles in all but extreme weather conditions, such as in un- 
usually heavy precipitation or very rough seas. Ocean-going ships 
could generally be tracked to a distance of twenty to twenty-five 
miles; the lighted buoys and buoys with radar reflectors were 
always visible, except during a complete weather blackout, un- 
lighted nun and can buoys, however, appeared only intermittently 
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beyond five miles, regardless of weather conditions. During the 
1500 hours of operation, it is estimated that the radars were 
“washed out” because of unusually heavy precipitation or very 
rough seas for a total of no more than five hours in any particular 
area of the harbour. 

Most important, it was found that during fog conditions no 
severe loss of targets was cbserved. Fog in the New York area 
is usually of the radiation or the advection type, which occurs dur- 
ing relatively calm periods. Strong winds disturb these conditions, 
so that the combination of heavy sea return and fog is not en- 
countered. Low visibility conditions caused by heavy precipitation 
and accompanied by high winds and heavy seas are typically of 
short duration. 

Fifteen months of operating experience proved that the harbour 
radar operator, besides having to be a highly trained and compe- 
tent technician, had to possess an intimate and complete know- 
ledge of the geography of the harbour and had to understand and 
anticipate the requirements of the pilots. 

Harbour radar information was found to be of maximum use 





Radar operator plotting the position of a ship passing through the 
Narrows. 


to the pilot when it was provided almost instantaneously, even 
at the expense of some precision. To accomplish this, the radar 
operator had to maintain a continuous track of the target ship 
directly on the scope face. Microphone and speaker units in- 
Stalled at each radar console permitted the operator to plot the 
target ship and communicate with the man afloat simultaneously. 

\lmost all the live runs conducted during the experiment were 
with single ships. If the harbour radar operator was to main- 
tain a plot of one ship and have his advice ready at the pilot’s 
cal!, he needed one frequency channel for his sole use. To pro- 
vide simultaneous service to more than one ship, it was apparent 
that portable radios equipped to transmit and receive on several 
frejuencies would be necessary; such radios, however, would be- 
come so baulky that they would no longer be portable. It was 
thought that the introduction of the transistor into electronic 
eno neering might lead to the solution of this difficulty. 


Torget Identification. 

e association of the correct pip on the radar scope with voice 
e staff member afloat was established when the man afloat 
called the station on the radio-telephone and reported his 
ion with reference to known landmarks or navigational aids. 


The radar operator located the pip of this vessel and thereafter 
maintained a continuous track of its movement across the scope. 

A more dependable method was desirable, however, to assure 
the most accurate radar aid when a large number of ships were 
moving in the channels of the harbour at one time. Conse- 
quently, both Sperry and Raytheon designed portable shipboard 
devices which, when triggered by the energy of the radar beam, 
transmitted a signal to the radar station. This signal appeared 
on the radar scope as an identifying mark immediately beyond 
the pip of the target vessel. Although neither company’s equip- 
ment was fully perfected before the trial period ended, there was 
ample indication that both could be satisfactorily developed 
Evaluation of Shore-Based Radar. 

The radar equipment ultimately developed by the two radar 
manufacturers proved capable of providing reliable and sufli- 
ciently accurate information about ships moving in the 2,000-ft. 
wide channel from Ambrose Lightship to the Battery. Certain 
refinements, which the manufacturers have since incorporated 
into their radars, would give similar coverage for the many nar- 
rower primary channels in the Upper and Lower Bays. 

More than one radar site would probably be necessary to give 
adequate coverage of the complex New York Harbour. Even 
then, certain narrow, winding channels would have to be ex- 
cluded from the operational system because the intricate ship 
manoeuvring required in these waterways is at a pace that out- 
runs the ability of the navigator to assimilate the radar informa- 
tion transmitted to him. 

The radio-telephone network proved satisfactory for maintaining 
communication between the station and ships moving in channels 
covered by the radars. For an operational system, at least six 
frequency channels would be needed. one for each radar opera- 
tor who would be assisting a ship at any insiant. This figure is 
derived from counts taken of the number of ocean-going ships 
moving at any one time in Ambrose Channel between the light- 
ship and the Stapleton anchorage, and represents the maximum 
number noted during ninety per cent. of the observations. 

The radar and radio communication equipment required for the 
establishment of a permanent Harbour Radar Information Cenwe 
in New York Harbour is estimated to cost about $500,000. The 
annual cost of depreciation, interest, and maintenance of the in- 
stallation and its equipment would be about $100,000. The 
annual cost of operating personnel would be about $100,000, with 
one radar operator assisting each ship navigating the channels. 
A single grounding or collision might well cost an amount equiva- 
lent to a large share of this annual cost while the loss in one 
sinking would amount to more than the total expenditure for 
at least a decade. 

Even though the use of shore-based radar has been restricted 
so far to only a few ports in the world, it has already demon- 
strated the following advantages over shipboard radar for harbour 
navigation: 

(1) The shore-based radar scanner and scope are in a fixed loca- 
tion; all movement on the scope is related to this one 
position and not to a constantly changing one as is the case 
when the equipment is on a moving ship; 

(2) The harbour set is built especially for its particular job and 
can, therefore, be more precise than shipboard equipment. 
By taking fixes on known positions, it can frequently be 
checked to maintain accuracy, whereas the shipboard radar 
can develop errors in bearing and range without the fact 
being known; 

(3) In order to provide rapid and accurate identification of all 
channel buoys, shorelines, and other significant fixed points, 
overlays showing such data can be used on the shore-based 
scope. This is not possible on shipboard equipment; 

(4) A ship’s scanner is not high enough to enable the radar to 
see over corners of land. The shore station, however, can 
be located at a sufficient height to overcome this problem; 

(5) The shore-based set can easily be maintained in peak opera- 
ting condition and a duplicate set can be provided in readi- 
ness for an emergency. A merchant ship’s radar is not 
likely to be given the same attention; 











Kiel Canal Flooding 
Old Locks Opened to Avert Damage 


It is probably not widely known that the Kiel Canal is not only 
an international waterway but is also one of the largest “ rivers ” 
in Schleswig-Holstein. While natural rivers have an estuary the 
Kiel Canal lies close in between the locks at either end. The water 
which runs into it from an area of approximately 1,400 sq. km. can 
only run off through a special culvert, with sluices, made for this 
purpose in Holtenau, or through the by-wash on the locks at both 
ends of the canal. If, however, as is often the case, the water 
level in the Baltic is higher than that in the canal, then it can only 
be drained off in Brunsbiittelkoog into the Elbe, and then only 
if the water level of the Elbe at low water, is below that of the 
canal water level. 

While the old locks in Brunsbiittelkoog were out of service they 
were used chiefly as a by-wash for draining purposes, but since 
they have had to be put into service again, because of the great 
amount of traffic in the summer months, the interests of shipping 
are at variance. On the one hand the service on the locks should 
be disturbed as little as possible, and on the other hand the drain- 
ing of the canal has to be carried out, and for this purpose the 
locks are at times fully occupied. Even the by-wash of the new 
locks must sometimes be used to drain the water off the canal, and 
the fact must be accepted that shipping is then disturbed to a 
certain extent. 

Due to the very rainy weather of last summer, the areas which 
drain into the canal were completely saturated with water, the 
result being that after every rainfall the water flowed into the canal 
very swiftly and there was difficulty in letting it drain off at both 
ends. 





Shore-based Radar for Harbour Piloting—continued 


(6) Finally, the harbour radar operator, like the pilot, has the 
advantage of being thoroughiy familiar with all the com- 
plexities of the local scene. 

The experience acquired in operating the experimental Har- 
bour Radar Information Centre for fifteen months clearly demon- 
started that shore-based radar couid be used to great advantage 
as an aid to navigation in New York Harbour during periods of 
low visibility. It was also found that harbour radar could be 
useful in contributing to the general safety of navigation, by: 


(a) Checking the location of channel marker buoys; 

(b) Determining the position of ship casualties and directing 
assistance to the scene; 

(c) Informing incoming vessels of the position and number of 
ships at anchor in the harbour; and 

(d) Detecting obstructions to navigation in the channels and re- 
porting their positions to the navigators of vessels entering or 
leaving the harbour and to the U.S. Coast Guard. 


Over and above its peacetime use, a shore-based radar system 
could also render valuable assistance to the Port Director and 
Harbour Defence organisations in any port during wartime. Be- 
sides enabling convoys and ships to move in and out of port 
during fog, harbour radar could function during good visibility 
to guide ships through marked channels and to direct them to 
assigned anchorages. It could also be employed as a defensive 
weapon to guard against the approach of enemy vessels. 

The techniques developed in the peacetime operation of shore- 
based radar systems would certainly be a great benefit to port 
operations in the event of another national emergency. The use 
of harbour radar to reduce port time and to avoid accidents during 
a war could well achieve gains not measured in dollars and cents. 

The experience gained from projects like the one described in 
this article, even though they do not lead to the immediate estab- 
lishment of operating facilities, may some day find use in the 
defence of the nation. 

The opinions expressed in this article are those of the author 
and not necessarily those of The Port of New York Authority nor 
of the organisations participating in the experimental Harbour 
Radar project. 
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After it had rained for days without ceasing, and the w =r Jeye| 
was 20—30 cm. above normal, there was a cloud-bur. on the 
22nd and 23rd of August, 1954, over Schleswig-Hol:\. a, and 


especially over the Kiel district, so that the streams rui. ig into 
the canal became raging torrents and the water level ro: within 
a few hours to 50 cm. above normal. At the same time water 
level in the Baltic was so high that the canal could only be iraineg 
off at Brunsbiittelkoog. In spite of the two old locks an. one of 
the new locks being put into service it was not possible to _ ink the 
water level. On the contrary it rose again on the 23rd 0 August 


to approximately 60 cm. above norma! at Brunsbiittelkoc.. Not 


only on the canal itself but especially at places where tr:vutaries 
enter the canal from low-lying areas, considerable erosior.., of the 
canal banks caused dams to form so that the great amount of 


water could not flow off. The result was flooding. The place 
most affected was the mouth of the river Haalerau where i: enters 
the canal about 45 km. from the south. Here the dikes over. 
flowed and burst at some places, so that all the low-lying country 
along the Haalerau was flooded. The emergency service had to be 
called into action, and it was only with the help of many willing 
helpers that disaster was prevented. 

When on the morning of the 24th of August, the water had not 
receded in spite of everything possible having been done, it was 
feared that it would rise still further, with the threat of more 
flooding and dike breakages. The canal authorities therefore de. 
cided to take extreme measures in order to lower the level of the 
water and thereby avert the danger. 

It was decided to open one of the old locks in Brunsbiittelkoog 
during the entire low water period so as to let the water stream 
through the lock into the Elbe. In doing so a number of risks 
had to be taken into consideration. One point of great importance 
could not be ascertained, and that was how strong the current 
would be and how great an effect it would have upon the canal 
itself. Also whether it would inconvenience shipping and the canal 
ferries to any great extent, how far the water level would sink at 
Brunsbiittelkoog and whether vessels with a deep draught would 
have difficulties. _ The most uncertain question was whether it 
would be possible to close the lock gates when the water was level 
on both sides, at still water, or whether obstructions might be 
carried in which would hinder or even prevent the closing of the 
gates. 

Shipping was warned, the pilots iffformed, and it was confirmed 
that there were no vessels with a deep draught in the canal. The 
vessels lying directly before the old locks were shifted, and the 
diver’s launch stood by in readiness to remove any obstructions 
which might prevent the lock gates from closing at the right 
moment. 

Everything went according to plan. When the water was almost 
level on both sides of the gates with the rising tide, the northern 
lock was opened at 12.40 hours and slowly the water began to 
stream out without anything extraordinary happening. The speed 
of the water streaming out steadily rose and at 17.00 hours it had 
reached its peak of approximately 34 miles per hour. The water 
eddied and gushed through the lock like a torrential stream. It 
was a fascinating but unusual sight at such a place and the rear 
of the water could be heard a great distance away. It was ver) 
satisfactory to see that the larger vessels could enter the new locks 
safely and without hindrance, while at the same time the water 
from the canal gushed through the old locks. 

Although the current in the canal had an effect as far as the other 
side of Rendsburg, the ferry traffic was not hindered by it. 

The inland water level fell 75 cm. altogether and then swelled 
up again when the water level of the Elbe rose. When the cur- 
rent slowed down shortly after 19.30 hours and the water on both 
sides was level again, it was seen that the level of the water in the 
canal was 30 cm. lower than when the locks had been opened. On 
closing the flood-gates it was seen that the fear of difficulties was 
well founded. It was not possible to close the two flood gates 
completely, but the slit that remained open was so small that only 
a small amount of water could enter the canal during the following 
high water period. Divers were able to remove the obstructions. 
however, one of which was a sheet of iron of several square metres. 
which had got stuck between the outer gate and the sill. This had 
fallen into the canal years before during a bombing attack. 

One pleasing feature was that the lock had been washed free of 
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Kiel Canal Flooding—continued 








(Left) The flooding of the Haalerau Marsh. 


all mud and the outer basins of the locks had been considerably 
deepened. The whole operation had met with success without any 
special difficulties or disturbances. In the lower reaches of the 
canal the position was considerably eased, the rivers into the canal 
began to flow again and further bank erosions and flooding ceased. 

On the morning of the 25th of August, 1954, the water level was 
again that of the day before, but the danger that the water level 
of the canal would rise still further had been finally averted. The 
measures taken on the previous day were repeated on the 25th of 
August. This time however the southern gates of the old Bruns- 
biittelkcog locks were kept open, so that this lock was also thor- 
oughly cleansed of mud. The closing of the gates met with the 
same difficulty but divers were again able to remove the obstruc- 
tions. 

The inland water leve! then sank to 20 cm. zbove normal. As the 
rain had ceased the quantities of water from the rivers abated 
and it was now possible to control the water level of the canal by 


Port of Keelung, Formosa 





Rehabilitation and Improvement Works 


Details have been issued by the Keelung Harbour Bureau des- 
cribing the port. Keelung, on the north coast of Formosa, is the 
chief port of the island, and has become an important international 
port since the end of the Second World War. Two outer break- 
waters have been completed so that both the inner and outer har- 
hours are now protected and deep-sea vessels may enter freely for 
berthing at the wharf in the outer harbour. Regular lines link the 
port with Hongkong and Japan and other lines with the United 
States, Europe and Asia. The port was severely devastated by 
bombing during the war; five piers were heavily damaged and 
others were rendered unusable because of wrecked ships. Ware- 
houses, cranes and other equipment were also destroyed. 

In November, 1945, at the cessation of hostilities, the Harbour 
Bureau was set up and since then many of the wrecks have been 
raised, some ships being scrapped and others repaired. Much of 
the port equipment was also repaired and after this work had been 
completed improvements were put in hand. Some of the new pro- 
jects are nearing completion, some are in progress and others are 
still under consideration. 

Most of the seaborne trade of Formosa is through Keelung. The 
chief exports in 1953 were coal, sugar, tea, bananas, canned fruits 
and rice; imports were machinery, fuel oil, motor vehicles, iron and 
Stee! fertilisers, wheat, ore, milk, flour and cotton. 

Present Facilities, 

> deep water wharves Nos. 1-18 have a total length of about 

metres and can berth 15 vessels of up to 20,000 tons capacity. 

torage capacity of transit sheds and warehouses along the 
es is about 120,000 tons, including open storage. All 
es are connected by railway lines and paved roads. Electric 
‘\: Or semi-portal three-ton to 30-ton cranes serve most wharves. 
mobile three-ton to 10-ton cranes and 35-ton and 80-ton 

g cranes can serve vessels berthed at any wharf. Four buoys 


move eyy 











(Right) Canal water streaming into the Northern Lock of the Old Brunsbiittelkoog Locks. 


the usual measures and to lower it during the following days. Dur- 
ing the two days mentioned approximately 7 million cu. m. of water 
passed through the old locks into the Elbe. 

The risk taken proved to be successful. It will be necessary, 
however, to provide an installation by which it will be possible to 
drain the canal at any time, and under any circumstances, so that 
the water level would always be completely under control and 
could be lowered as required without having to take such risks. It 
is planned to use the old locks at Brunsbiittelkoog for this purpose, 
as was done formerly, but making openings in the flood gates 
large enough to avoid the gates themselves having to be opened as 
on the 24th and 25th of August. The great quantity of water 
which at present flows through the by-pass would then flow through 
the openings in the flood gates. The use of the old locks would 
therefore have to be withdrawn from shipping for short and infre- 
quent intervals in order to drain the canal. It is to be hoped that 
this plan will soon be carried out. 


are available for mooring vessels in mid-stream. Fresh water 
mains serve all wharves and oil pipe lines are installed at wharves 
Nos. 6, 12 and 14. 

The shallow water wharves have a total length of about 2,500 
metres for small vessels. Four sets of boating pontoons have been 
installed along those wharves to enable 3,000-ton ships to berth. 
There are about 2,000 metres of wharf frontage for fishing craft 
and ships under repair. In the outer harbour there is a special 
wharf for lighters for handling dangerous cargoes. 

The Taiwan Shipbuilding Corporation has two dry docks, one 
of 25,000 tons capacity and the other of 15,000 tons. There is 
foundry equipment for iron, steel and bronze castings, and special 
alloys can be produced. Shipbuilding capacity is for vessels up to 
1,000 tons, and plans are in hand to enlarge this to enable ships 
of 10,000 tons and over to be built. The Keelung Harbour 
Bureau repair plant has three slipways and can repair tugs, boats 
for harbour service, ferries, cranes, etc. 


Further Development Plans. 

A special cargo wharf is being built at the outer harbour for 
the economical handling of coal and banana exports and oil, 
wheat and oversize cargoes of imports. It will be 180 metres long 
and able to berth ships of up to 20,000 tons. A grain elevator 
with a capacity of 10,000 tons is planned. To provide easy access 
to the new area to be developed in the outer harbour the Sien- 
Tung Tunnel, which was partly constructed by the Japanese, is to 
be completed. More cranes and fork-lift trucks are to be pro- 
vided and small lighters are to be replaced next year by four 300- 
ton steel lighters. 





New Ore-Handling Plant for Glasgow. 

A 500-tons-per-hour ore handling plant is to be built for Col- 
villes Ltd. for their stockyard at Clyde Iron Works, Glasgow. It 
will include a 950-ft. conveyor which will deliver the ore to a 
700-ft. conveyor. This, in turn, will deliver to an ore screening 
station. So that ore may be diverted to a possible future crushing 
plant, a reversible belt feeder will be placed at the junction of the 
two long conveyors. The contract was awarded to Messrs. Fraser 
& Chalmers Engineering Works, Erith, Kent. 











































HE reader need not fear that in this 

series of articles it is proposed to 

wander over the wide range of bio- 

logical and ecological problems re- 
lating to insects, mites, rats and mice 
associated with commodity infestation as it 
exists in the world. For the present pur- 
pose we shall confine attention to the con- 
sideration of commodity infestation in its 
economic significance. The case presented 
is based on the view that what constitutes 
“economic significance ” is not governed by 
any simple definition or standard but is de- 
pendent upon a wide variety of factors. 
Further, a particular factor may have a wide 
range of value according to the time, place 
and circumstance of its occurrence. 

There is no doubt that there have been 
and still are various attitudes towards com- 
modity infestation as there are also differing 
conceptions held as to its relative impor- 
tance. The weight to be attached to those 
attitudes and conceptions must depend 
largely on whether due account has been 
taken of the various factors involved. 

We should in this exercise ask:— 

(1) Whether and at what degree infesta- 
tion of a particular commodity is 
adjudged by the immediate commodity 
interests to be of economic importance; 

(2) Whether infestation of a commodity, 
about which those directly interested 
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might be complacent, is or may be— 
by reason of transmission (cross- 
infestation as we know it)—of econo- 
mic importance to interests other than 
those directly concerned; 

(3) Whether in the trading procedure con- 
trolling a specific commodity, there is, 
or can be, under existing trading prac- 
tice, any standard conception of what 
constitutes “economic significance ” of 
infestation or of responsibility in 
“common duty ”; 

(4) Whether, indeed, official economic 
policy, in administrations whose for- 
tunes are linked with the maintenance 
of exportable surpluses, takes  suffi- 
cient note of the wider problems pro- 
duced in the importing countries by the 
introduction of infestation in indispen- 
sable imports—and further, whether 
this factor is weighed in consideration 
of worth-while action, from which re- 
tained commodities also might benefit. 

A study of these points must inevitably lead 
to the following conclusions:— 

(1) First and foremost — that the whole 
problem of commodity infestation is 
one and indivisible and should be 
treated accordingly, for which purpose 
it is essential that the co-operation of 
all interests should be sought diligently. 

(2) That no trading standards which per- 
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mit degrees of infestation sho. 
garded as adequate, if they i 
surrounding risks as they a! 
variably do. 

(3) That in the general economy 
possible, with few major excep 


provide for segregation of prima: 
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and transport space for specific 
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(4) That as an ideal from the point of view 
of infestation control, primary inspec- 
tion and treatment action should take 
place at the point immediately prior to 
that at which the particular commodity 
is brought into contact with other sus- 
ceptible commodities, or is put into 
storage or transport accommodation of 


general traflic availability. 


(5) That as a principle, commercial “ 


Stor- 


age and transport” accommodation 
should be appropriate and well main- 
tained for safe care and carriage of 
foodstuffs and that substandard impro- 
visation should be met by increased in- 
spection, supervision and treatment pre- 


cautions. 


(6) That infestation should be fought back 
progressive}Jy to the areas of origin, pari 


































































X 


iy) 


. 














D 














— EA ey a 





































at 


LEGEND 
Showing general level of 
Commodity Infestation 
Heavily infested 
Moderately infested 
Lightly infested 
Clear 





Figures show average number ’ 
of species recorded per annum. 


a 









bret Pavir (- XQ. pe 
PEAS & BEAN: MS : 

FLOUR @ 14> 2 

CHEESES) | 

¥ WHEAT @ 38 


SP WEST INDI WHEAT OFFALS @ | \ 
se = 


Vee aes wry 





SCHEESE 


MEDITE Oe a 
rE NDE i P% @Ii 











tre 
PALM y : GROUND NUTS @ 47 


COTTON y yh 
COFFEE @1 . 


. «* i | 


rig! 













De 
& 
a 13 
Rice, PACIFIC ISLANDS 
’ COPRA @ 













WORLD FOCI OF INFESTATION 


ORIED. FRUIT 
CHEE $'3 2 
CASEDGOODS © 4 








IMPORTS INTO UNITED KINGDOM 1944-46 




















The diagram shows the wide variety of 


infestible and infested commodities, and the areas from which they originate. 
denotes the general intensity of infestation in commodities from the several areas. 

During the period when these records were taken, certain of the sea routes were closed under war conditions, and the distribution of the shipping 
movement was not normal. It is not suggested that this factor necessarily alters the pattern of the shading. 


The shading 
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Commodity Infestation in Ports—continued 


passu with action to prevent dissemina- 
tion from those areas 

The foregoing conclusions are based on 
abundant evidence. Before discussing the 
world problem, we might well consider ex- 
perience in the United Kingdom, in order 
ihat the application of the lessons it teaches 
io the world problem, may be discerned. We 
might begin with one example of pre-war 
origin, where exporters to the U.K., for rea- 
sons of commercial prestige, arranged as a 
routine measure, that their large tonnage of 
produce should be disinfested on arrival in 
the United Kingdom, prior '° its distribu- 
tion. That went on for years as a commer- 
cial matter. At the other end of the scale, 
there were large imports of cereal offals, 
notorious for their high degree of infestation, 
about which condition the immediate 
traders. were indifferent, in view of the ulti- 
mate purpose of the material. Between these 
two extremes was a range of commodities 
with a descending concern for infestation, in 
reverse proportion to the degree of infesta- 
tion. The indifference was partly due to 
assumption of inevitability of infestation, 
and partly to the complacent view that it 
would be destroyed in the ultimate manu- 
facturing process. 

Unless special precautions, by way of con- 
trolled storage or transport are taken—an 
exceptional occurrence—it rarely can be the 
case that infestation is confined to the com- 
modity in which it is introduced. This 
matter of transmission of infestation is the 
outstanding evil in commodity infestation. It 
is of little use to attempt to deal with infes- 
tation of particular ccmmodities in isola- 
tion, if, in the course of trade they are 
brought into contact with other susceptible 
commodities, or occupy storage or transport 
accommodation which is infested. There is 
a vast “infestation exchange” in commo- 
dities and in storage and transport accom- 
modation. The oil seed man may be 
indifferent to infestation in oil seeds, but the 
cocoa man cannot be indifferent to infesta- 
tion in cocoa beans—derived from their 
contact with oil seeds. 

One further example may be quoted to 
complete this particular argument. A serious 
infestation occurred in a food processing 
factory of high repute, situated in Eastern 
England. That factory had a can-making 
department, which drew its supplies of tin 
plate in trucks loads from a tin plate mill in 
South Wales. That tin plate mill received 
its supply of empty railway trucks, in part, 
from the neighbouring colliery, after use in 
conveyance of animal feeding stuffs for the 
pit ponies from a South Wales port. The 
infestation was imported and then carried 


from the ship, via the colliery and the tin 
Plate works, on the tin plates themselves, 
Over which the residual infestation in the 
trucs had spread, into the food factory in 
Eas'orn England. 


‘ consideration of trading procedure in 
its elation to comodity infestation, brings 
up very difficult matter, depending as it 
lare ly does, on the number and degree of 
inc »endence of the units in the design. The 
sii) “est case is that where control from 


Pl. stion to factory is in the hands of a 
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single organisation, whose agents can be re- 
quired to conform to stipulated conditions. 
As the number of ownerships, and agencies, 
increases from this simple type of case, so 
does the complexity of the infestation prob- 
lem grow. At certain points in the trading 
chain—turning points they are—there is 
special vulnerability. This occurs at the 
weakest places, inasmuch as no direct res- 
ponsibility attaches to those whose simple 
duty it is to make vital decisions in return 
for what may be termed a “ passing toll,” 
based on the value of the immediate ser- 
vice. The decisions made at those places 
may be fraught with most undesirable con- 
sequences in the infestation field 

It can be no satisfaction to those con- 
cerned with the problem of general infesta- 
tion to be told that in the commodity mar- 
ket, the major principle is “let the buyer 
beware.” It is most injurious, both in 
general and particular effect, that knowledge 
of infestation should be withheld from those 
who, with knowledge, might limit its effects. 

Commodity infestation tends to be more 
a consumer’s than a producer’s problem, 
although the origin of the infestation may 
be in the producing territory. This is especi- 
ally the case with those heavily populated 
countries in the temperate zone, which must 
reply on the supplies from the tropical and 
sub-tropical belts. |The tendency in the 
tropical belt is to limit official policy to pro- 
duction economics. There is, unfortunately, 
a long time lag before there is recognition 
that the consumer’s problem may affect the 
producer’s economics, and clearly the force 
of this argument is at its weakest when 
beggars cannot be choosers. 


In the production areas, the economic im- 
portance of infestation from the producer’s 
point of view, is measured largely by pro- 
duction costs. Where labour cost is low 
and there is ample space for cultivation, the 
cost of controlling commodity infestation at 
the production end may be regarded as un- 
justified in the “producer” interest, although 
the evil effects of that uncontrolled infesta- 
tion may be spread widely through trade, to 
other administrations, and ultimately re- 
bound on the producing area itself. 

Overmuch reliance should not be placed 
on the view that the dangers of infestation 
may be reduced when selective buying 
operates in times of plenty. Within a high 
grade commodity trade, the importers might 
be able to condition their purchases to stan- 
dards which, in themselves, might be un- 
exceptionable. We must not ignore that 
there would be lower standards and absence 
of standards, in secondary trades, and there 
has long been a ready market for acknow- 
ledged heavily infested commodities. Refer- 
ence has already been made to the difficulty, 
if not impossibility, of segregation where the 
use of common service facilities is involved, 
and high standards, specific to certain trades 
only, do break down unless the storage and 
transport facilities are under the direct con- 
trol, and used exclusively for the commodi- 
ties of those particular trades. 

Let us now turn to the wider international 
field. It is common knowledge that the 
main concentrations of population, with the 
highest demand on goods of all kinds, lie 
in the temperate parts of the world, parti- 
cularly in North Western Europe and North 
America. The principal movement of sus- 
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This diagram shows how cargoes may become infested from cargo 


residues of previous voyages. 


The solid black line from the Phillipines to the Pacific Coast of North 
is an instance of copra insects causing 
infestation of clean wheat from North America to U.K. 

The dotted line from West Africa to North America and thence to U.K. 
gives an example of infestation of flour to U.K. from infested residues of 


America and thence to U.K 


cargoes of cocoa beans and oilseeds. 


ceptible materials is from areas of agricul- 
tural production to those of industrial 
manufacture. In addition to internal land or 
water conveyance, long distance sea carriage 
also may be involved. Some countries, while 
receiving infested goods, may also be ex- 
porters of raw or manufactured susceptible 
commodities. On the other hand, however, 
there are countries, such as the United 
Kingdom, which receive large quantities of 
infested commodities but their exports are 
principally of non-infestable manufactures. 
Many of the territories from which most of 
the raw food materials come, are themselves 
mainly importers of manufactured heavy 
goods, most of which are not liable to in- 
festation. The general problem is one which 
can only be solved by action on a world 
wide basis. 

The accompanying diagram (Fig. 1), with 
its statistics of imports into the United King- 
dom, in the years 1944-46, serves to give a 
general picture of the areas of origin of the 
most heavily infested commodities imported 
into the United Kingdom. The statistics 
were taken out during the war period, and 
are not necessarily representative of the 
balance of imports as existing to-day. As 
they are available, they are simply used to 
illustrate the immediate argument. 

The main bulk of susceptible commodities 
is subject to ocean carriage in cargo vessels 
operating on regular runs or by tramp 
ships. 

In the main, ocean liners keep to normal 
itineraries, without material change in the 





from N.A. to U.K 


types or cargo carried in each direction. On 
some routes, such as between Canada and 
the United Kingdom, the commodities gene- 
rally are relatively free from infestation, but 
this cannot be assumed in the case of cargoes 
to the United Kingdom from West Africa, 
South America, or India. On such as the 
Canadian run, the extent of cross-infestation 
from one part of the cargo to another, and 
residual infestation from previous cargoes is 
practically non-existent. In ships on the 
tropical run, however, there are high risks 
of cross-infestation and infestation from 
cargo residues, from voyage to voyage (see 
Fig. 2). 

Other ocean liners may operate on routes 
carrying infested commodities on one stage 
of the voyage and non-infested on the other. 
The longer the itinerary and the greater the 
number of countries visited, so is there in- 
crease in the infestation risk, both in the 
commodities carried and in the endemic in- 
sect population built up in the holds of the 
ship. 

The case is rather worse with tramp ships 
which move about the world according to 
the cargoes offering. These may tend to 
concentrate in certain areas, at different 
times of the year, to cope with major com- 
modity movements of one kind or another. 
Thus one ship, in successive cargoes, may 
carry clean commodities from Canada and 
the United States of America, and infested 
commodities from the Plate, Africa, or 
India. To complete the picture, it is to be 
noted that the hygienic condition of coasters 





The “dash and dot” line from South to North America and thence to 
U.K. shows how maize infestation is transmitted to wheat and flour cargoes 


The broken line between U.K. and Australia furnishes an example of the 
infestation of case goods from an earlier, cargo of Plate barley. 

The chain line between Australia and U.K. via Calcutta furnishes an 
example of point to point infestation, e.g., oilseeds receiving additional 
infestation from wheat and flour residues of former cargoes. 


and barges in home waters, needs to be well 
maintained. These vessels, by reason of 
their short and frequent runs, have a very 
high tonnage turnover and a very great capa- 
city for transfer of infestation from commo- 
dity to commodity, unless the greatest care 
and supervision are maintained (see Fig. 3) 

Several hundred species of insects are 
found associated with cereals and cereal 
products. It is fortunate that the number 
of species which are seriously injurious to 
the commodities are well below 100. Inter- 
national commerce has played such a great 
part in the migration of insect pests that they 
have become truly cosmopolitan in distri- 
bution. They have become established 
wherever conditions favour their existence, 
and some tropical countries, at whom the 
finger might be pointed as being responsible 
for the introduction of certain destructive 
species, are now themselves sufferers from 
the entry of other equally destructive species. 
In general it is now true to say that the in- 
sect species destructive to cereals and their 
products in Europe are similarly destructive 
in North America, South America, Asia and 
Australia. It may well be that some of 
them are of tropical or sub-tropical origin 
and thrive best in warm humid climates and 
are not able to over-winter in either dry or 
cold environments. Climatic conditions 
therefore largely determine their abundance 
and ability to take up permanent residence 
in the various grain growing regions. 

It is not to be overlooked that, speaking 
generally, all plants, plant products and 
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Commodity Infestation in Ports—continued 


manufactures in which they are components, 
are liable in greater or less degree of infes- 
tation. In stored products practice, it is the 
common experience that insects and mites 
are not normally specific to one commodity, 
although some have definite first preferences 
in their dietary. Each kind is capable of 
existing on a variety of foods, but only a 
few kinds are capable of attack on all food- 
stuffs. Many stored products insects can go 
for long periods without food. Several types 
of insects are equipped to penetrate deeply 
into non-food commodities at some stage 
in their life cycle. It is a fact that stored 
products pests are able to survive without 
food during long transits from place to place 
on non-susceptible commodities. 

Rats and mice make a substantial contri- 
bution to the volume of loss associated with 
commodity infestation. What is the total 
Joss due to infestation is a matter not easy 
to resolve, but there has been subsequent 
confirmation of that loss being conserva- 
tively put at a figure of 10 per cent. of 
the total world production. That estimate 
was arrived at in 1946, by an ad hoc Com- 
mittee cf experts, set up in Washington. The 
estimate does not include any provision to 
cover losss of storage life, owing to prema- 
ture allocation for consumption of commo- 
dities found to be deteriorating in storage. 
Nor does it cover the heavy costs of getting 
rid of infestation in commodities, ships and 
other structures. 


It may be argued that deficiency in sup- 
plies, by necessitating speedy distribution of 
commodities as they become available, is in 
itself a controlling force against serious in- 
festation. That may be perfectly true, so 
far as the particular bulk is concerned, in 
view of there being no material period of 
undisturbed storage during which the con- 
tained infestation may breed up. On the 
other hand, the prompt distribution of 
lightly infested commodities, may, and does, 
result in the distribution of infestation over 
a wide range of structures and transport 
plants, where it finds conditions favourable 
to its rapid development. In this way, the 
general infestation problem may be intensi- 
fied by “ hand te mouth ” working, although 
the particular commodities may be spared 
the ravages resulting from high development 
of this infested condition 

Up to a point, which varies according to 
the original condition of infestation, the time 
of year, and the character of port storage 
accommodation available and utilised, con- 
trol of general infestation in the country is 
often greatly assisted and not adversely 
affected, by distribution for general con- 
sumption from port facilities rather than 
direct from ships. This makes for more 
orderly inspection and control than is pos- 
sible in any other way, and under normal 
conditions, is a not unimportant advantage 
to offset rival considerations. 

In the day to day working the economic 


significance of infestation must be con- 
sidered to vary considerably according to 
circumstances. In the practical considera- 
tion the degree of infestation in newly 
arrived cargoes cannot be taken as the sole 
criterion. Account must be taken of the 
immediate disposal programme. Thus, com- 
modities highly infested could go directly 
into port processing factories, if the manu- 
facturing treatment is, in itself, a controller 
of infestation, and if the means of transfer 
between ship and mill can be isolated and 
cleansed before further general use. 

On the other hand, it is injudicious that 
highly infested imports should be put into 
general storage accommodation in the ports, 
or be dispersed for storage or processing in- 
land, except after control treatment in the 
ports. Moreover, lightly infested imports, if 
intended for period storage at the ports or in 
inland accommodation, may have to be sub- 
jected to treatment immediately on discharge 
from ship, as the light infestation of to-day, 
may be the heavy infestation of to-morrow. 
These are but a few of the factors necessary 
to be mentioned ut this stage, for the purpose 
of measuring “ economic significance.” 

It is submitted that, on the foregoing 
facts, it is clearly demonstrated that there 
is serious economic significance of menacing 
proportions attaching to commodity infesta- 
tion as at present existing in the world. 


(To be continued) 








Selsey Bill Sea Defences 


Articulated Concrete Groyne 





(Specially Contributed) 


Selsey is the site of perhaps the most rapid erosion in this coun- 
The rate of erosion east of the groyne has 


try at the present time. 














averaged 20-ft. to 30-ft. per annum, whereas to the west erosion 
has averaged only 3-ft. to 4-ft. per annum. The Bill and the coast 
line on either side is being protected under the Selsey Sea Defence 
Scheme which was begun in 1953 and of which the groyne, des- 
cribed in this article, forms a part. The Scheme is being under- 
taken for the Chichester Rural District Council as Local Autho- 
rity under the powers conferred upon them by the Coast Protection 
Act (1949). 

The point of Selsey Bill is formed at the present moment by a 
random pile of mass concrete blocks produced by the disintegra- 
tion cf the old sea defences which extended eastwards from the 
Bill. This mound of rubble forms a natural groyne maintaining 
the beach on its western side against the easterly littoral drift and 
gives some measure of protection to the land immediately to the 
East from the prevailing $.W. waves. 

[t was appreciated that this debris would continue to disintegrate 
ind could not be relied upon to form a permanent part of the de- 

neces. Also it was desired to reduce the amount of shingle still 
rossing from west to east due to lack of continuity in the blocks. 

nce the protection of the coastline to the west depended on the 

\intenance of a high beach level at the Bill, a large groyne was 

viously needed which would gradually replace the existing debris 

its self-appointed function as it disintegrated. 

[he conditions of the site are very severe. It is exposed to 

ives from the east round to the south-west and the ebb current 

iches maximum speed at the highest level of the tide, often form- 

' a standing wave at the Bill. 

lhe first work undertaken in 1953 was to seal off and stabilise 














A view of completed groyne. 


the remaining shori length of concrete wall by surrounding it with 
a sheet-piled apron and carrying the sheet-piled bulkheads well 
into the cliff on either side 

The exceptional conditions and danger of wave driven pieces of 
concrete precluded the use of a conventional timber or steel piled 
groyne even if piles could have been driven, which was doubtful 
at the time. A large monolithic mass concrete groyne was one 
possibility, but this would have suffered from the desirability of 
being a rigid structure, unable to adapt itself to changes in the 
beach profile which must inevitably occur while the rapidly eroding 
coastline to the east is gradually stabilised. In addition expensive 











sheet-piled or deep foundations would be necessary to avoid the 
danger of undercutting. 

The design adopted embodies both mass and flexibility, and 
consists of two parallel rows of rectangular mass concrete blocks, 
each weighing 15 tons. Double-hinged ties made from bull-head 
rails between the two rows connect opposite blocks in pairs and 
allow relative vertical movement between blocks. Smaller connec- 
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the upper end is left projecting in case it proves necessary aise 
the height of the groyne by planking at a later date. 

Movement of the groyne seawards is prevented by thr: rai] 
piles driven through holes in each of the end blocks with  0-ft. 
penetration. The blocks still remain free to settle vertical] 

A nominal mix of 1 : 24 : 5 was used for the concrete \ th a 
maximum size of 14-in. for the aggregate. The main block: vere 
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ting blocks fill the gaps between successive pairs of main blocks 
and at the same time act as spacers and prevent transverse move- 
ment of one pair relative to the next. The intervening space 
between the two rows of blocks is filled by concrete rubble from 
the shore in the largest sizes that could be lifted by machine. 
Movement of the groyne along the shore is prevented by two 
bull-head rails driven through holes cored in the western block of 
each pair. These penetrate 3-ft. into the underlying shingle while 


Prestressed Concrete in U.S.A. 
Lower Tampa Bay Bridge, Florida 


This bridge, which is shown by the accompanying photograph, 
was recently opened. It includes the world’s longest prestressed 
construction, having over three miles of composite post-tensioned 
beams with poured-in-place concrete deck, the former prestressed 
with Macalloy high tensile bars imported from England. (See 
Civil Engineering (U.S.A.) April, 1952.) 

In the foreground is seen the steel 800-ft. clear span with a 
2 mile length of the prestressed concrete construction in the dis- 
tance to the South. The prestressed concrete construction con- 
sists altogether of 363 spans of 48-ft.; this having been found more 
economical by $184,000 than 36-ft. spans of the alternative rein- 
forced concrete design. The consultants for the State of Florida 
were Messrs. Parsons, Hall Brinckerhoff and Macdonald of New 
York, the General Contractors were Hardaway Contracting Co. 
of Georgia, and the prestressed design was provided by McCalls 
Macalloy Ltd. of Sheffield and Mr. Donovan Lee, M.I.C.E., Con- 
sulting Engineer of London in conjunction with the Preload 
Company of New York. 

The same Lee-McCall system using high tensile bars but of 
1}-in. dia. is being employed for the new Gandy Bridge in the 
same area which will have 252 spans of 48-ft. and 20 spans of 
72-ft., giving a total length of prestressed construction of a little 
over 24 miles. The design for this bridge was prepared by the 
Florida State Highway Department (Bridge Engineer, Mr. W. E. 
Dean) and the Contractors are also Hardaway Contracting Co. 
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SECTION Y-Y 


An articulated mass concrete groyne at Selsey Bill. 


cast in situ, while the connecting blocks were cast nearby and 
lowered into place. Each row of main blocks provided a suitable 
ramp for transporting concrete to the seaward blocks. 

The groyne has adapted itself neatly from time to time to sea- 
sonal movement of the foreshore and has flexed without showing 
signs of fracture or damage. 

The groyne is 200-ft. long and cost £3,000. A second articulated 
groyne similar to the one already constructed is planned under the 
second stage of the Sea Defence Scheme to be located just to the 
east and in support of the first. 











Also using the same system of prestressing, the Boeing Aircraft 
Co. have placed a contract for the construction of a warehouse at 
Seattle, of 864-ft. x 600-ft., giving an area of 290,000 square {t.., 
using prestressed concrete beams of 40-ft. and 44-ft. span, the flat 
roof being designed to serve as a car park. 

This system of prestressing is also being used at the present time 
in extensions for Colombo harbour. 
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February, 1955 
Floating Timber Dummies 


Types in Use at Southampton Docks 


It is standard practice in Southampton Docks for every vessel, 
other than coasters and those of the cross-channel type, to be 
berthed with two floating timber dummies between it and the 
quay wall. The dummies, which vary considerably in size accord- 
ing to the size of the vessel concerned, serve a number of purposes, 
the principal of which is to prevent damage to the quay wall by 
the impact of the vessel as she comes alongside. The dummies 
also keep the vessel away from the quay wall; this is an impor- 
tant point for several reasons, not the least of which is that other- 
wise the discharges from the ships’ sides would foul the quay, 
particularly at high tide. The dummies also lessen the risk of 
damage being done to the vessel and in recent years this feature 
has been extended by fitting to the outer face of the dummies 
some form of cushioning such as pads of old rope or old lorry 
tyres. Some of the dummies have been fitted with very large 
tyres, of the aeroplane landing wheel type, cn both sides. That 
is to say, between the dummy end and the quay wall as well as 
between the dummy and the ship. 

The latest type of dummy was first put into use when the United 
States Lines “ United States” came to Southampton in 1952. 
There are two of these dummies, each 35-ft. long, 15-ft. wide and 
10-ft. deep. 

Fig. 1 shows a completed dummy afloat. There are three main 
sections; One against the quay wall, one intermediate and one 
against which the ships would lie. The sections are interlocked 
Icngitudinally and vertically. The “springs” (see later photos) 




















Fig. 2. 


slung in the two spaces between the three sections. Alli the 
ices in which there are “springs” have been battened down 
as to exclude debris. These covers are rigidly fixed to one 
tion of the dummy bu: free to slide on the other. The quay- 
> section has been lengthened from 35-ft. to 58-ft. by braced 


THE Dock AND HARBOUR AUTHORITY 319 




















Fig. 4. 


horns at each end to allow the dummy to lie better at a fendered 
quay. 

Fig. 2 shows one of the quayside sections nearing completion 
in a drydock. The large holes at each end are used for the vertical 
interlocking. 

Fig. 3 shows a middle section complete with “ springs.” Each 
spring consists of three lorry tyres. There are twenty springs on 
each side of the middle section, sc that each dummy carries 120 
tyres. All the tyres ‘are below water level, and contain a coil of 
3-in. diameter heavy pneumatic hose. The water in the tyre and 
in its contained hose increases to a very large extent the resis- 
tance of the spring to a very sudden blow, but for a steady pres- 
sure the resistance is almost entirely confined to the mechanical 
strength of the tyre and hose. 

Fig. 4 shows the end view of one dummy nearly completed. The 
four end springs can be seen. The diagonal rods are a part of 
the attachments between the two outer sections to prevent the 
dummy from separating into its three main pieces. 

These dummies were designed and constructed by the staff of 
Mr. J. H. Jellett, M.1-C.E., Docks Engineer, Southampton Docks, 
under the direction of Mr. E. W. Beare, M.I.C.E., Asst. Docks 
Engineer. 


‘ 








Cork Harbour Improvements. 

The Cork Harbour Commission is to receive from the Govern- 
ment of Eire a grant of 90 per cent., subject to a maximum of 
£400,000, towards the cost of reconstructing the North Quay, the 
provision of a turning basin and the extension of the Tivoli em- 
bankment. The estimated cost of the improvements is £430,000 
and the grant will enable the Commissioners to complete the work 
begun in 1948. So far reconstruction of two quays has been com- 
pleted, and the South Jetties should be finished this year. 








THE Dock AND HARBOUR AUTHORITY 


Manufacturers’ Announcements 


New Self-Discharging Hopper Barge 

An unusual design for a hopper barge has recently been evolved 
by Messrs. E. C. Jones (Brentford) Ltd. Formerly, the barges most 
commonly employed for working in such places as ballast pits, etc., 
have had all four sides of the hopper inclined at a considerable 
angle to form a cone effect in order to reduce the size of the doors 
to a minimum; whilst this has resulted in comparatively light gear 
for the operation of the smaller doors, it has been found in prac- 
tice that a considerable amount of time has been lost in getting the 
barges to discharge the heavier types of clay-bearing soil. The 
new barge has been designed with two self-contained holds, and the 
sides and ends of each hopper have been made verticle so that 
there is no tendency for the material to cling to the hopper sides. 
Another aspect of the design is the fact that the doors are hinged 
in a recess so arranged that with the doors in the fully-opened posi- 
tion, they form a continuous iine with the hopper sides. This 
arrangement has overcome the difficulty which has been experi- 
enced in the past through large stones and rocks jamming in this 
hinge opening and preventing the doors from closing. 

The overall dimensions of the new barge are 56-ft. x 16-ft. 6-in. 
beam x 6-ft. depth and the carrying capacity is 70 cu. yds. (or 90 
tons) with a minimum freeboard of 4-in. The doors are operated 
by independent hydraulic rams arranged on deck with power sup- 
plied by an AVAI Petter air-cooled diesel engine directly coupled 
to a Varley DHS pump. This engine is mounted in the after end 
of the barge, access io which ts gained by a hatch on deck with 
accommodation ladder. The rams and chain gear are fully pro- 
tected by heavy steel covers which are hinged for maintenance 
purposes, and the layout is designed to prevent the entry of mud 
and grit and to withstand the possibility of damage by the bucket 
of mechanical diggers whilst the barge is being loaded. Each ram 
is capable of exerting a pressure of 4 tons which is more than suffi- 
cient to close both pairs of doors simultaneously, and once closed, 








The new Self-Discharging Hopper Barge undergoing trials. 


they are maintained in that position by means of wheel valves in 
the pipe system. As soon as the barge is fully loaded, she is taken 
to the dumping ground where, by means of hydraulic control, the 
spoil can be released gradually whilst the barge is still under way, 
so that the spoil is spread evenly over the area, avoiding the possi- 
bility of uneven “ hills.” Once the spoil has been discharged, the 
engine is restarted and the doors are pumped back into the fully 
closed position in two minutes whilst the barge is being returned to 
the loading point. 


Another interesting development by the same firm is the design 
of a new underwater section for hopper barges which have to 
operate in shallow waters. If heavy spoil of a clay-like nature is 
to be handled, then it is essential to have vertical side hoppers as 
described above with consequently larger doors. It is obvious that 
the larger the door the greater the depth of water required to 
permit the doors to open to their full extent. 


It is a comparatively simple matter to reduce the amount by 
which the doors project beyond the bottom of the barge when 
fully open, by hinging them further up into the barge’s body, so 
that when closed they represent a section of pronounced “V” shape. 
Such a barge, however, would be extremely heavy to tow, owing 
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to the high degree of turbulence set up in the hollows for: 
the hold area. To overcome this difficulty a new type of | 
been designed where the underwater line follows this “V 
to coincide with the doors when they are in the closed 
and this, in conjunction with a swim end presents an easy ¢ 
the water when the barge is under way, so that the barg: 
heavier to tow than a normal flush-bottom type 


Tractors for Cargo Handling 


The usefulness of tractors for haulage work in many fi 
industry is already well established, and of recent months a ni nber 
of shipping and dock owners have realised their potentialiti . for 
effecting economies in transport. Their popularity lies in ‘heir 
moderate size, low operating and maintenance costs, and ac :pta- 
bility for a varied range of work. 

At Cardiff Docks the National Coal Board employ tractors to 
haul loads of patent fuel blocks. Three Ferguson tractors have 
displaced thirteen horses, and transporting the fuel blocks from the 
point of manufacture to the docks is now carried out at less cost 
and at greater speed. The horses could only pull three loaded 
trolleys at one time; by comparison, the tractors are able to pull 
nine trolleys, each with a capacity load of 30 cwt. 

At another port, four Ferguson trailers have been converted for 
the bulk carrying of grain direct from ship to warehouse. Pre- 














Unloading Grain by Trailer and Tractor. 


viously, the grain used to be bagged in the hold before loading 
on to trucks. Now, one man can move three times the amount 
of grain in less time than three men handling sacks. 


The Turkish Maritime Seaways use a fleet of Ferguson tractors 
at their import Customs Houses in Istanbul, to transport the 
ships’ cargoes from quay to warehouse. These machines are able 
to travel from one Customs House to another over uneven cobbled 
streets. Due to the present restricted harbour facilities, much of 
the unloading and loading is done by lighters, which bring the 
carges to the quays from whence the trailers transport the goods 
to the warehouses. 





